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t. INTRODUCTION 

The United States Navy presently determines repair par“ 
allowance quantities for most shipboard applications using 
procedures established under the Fleet Logistics Support 
Improvement Program (referred to as the PLSIP model). The 
FLSIP model was designed before the development of highly 
sophisticated and powerful third and fourth generation 
computer hardware and software systems. As a result, in its 
allowance computations, the FLSIP model considers only 
individual parts usage data and the total population of each 
part aboard the ship for which allowances are being 
computed. FLSIP was also designed to support systems which 
were much less complex and technologically advanced than 
those being supported in the Navy of the 1980s and 1990s. 

To adjust to changes in technology, improved metnods for 


determining shipboard allowance quantities for repair parts 


must be developed. To the extent that these improved 
methods can be supported (by computer technology, data 
collection procedures, etc.) they Should include 


consideration of as many of the other factors in the 


logistics environment as possible. This wonld include 
System configuration, maintenance policy, operational 
scenario, supply response tines, replacement tines, 


component repair times, spares sharing, and the time horizon 
Bessicn profile. Due to the escalating costs 02 repair 
parts, the increased emphasis on cost efficient management 
in the military and the likelihood of increasingly 
restrictive cost constraints on inventory levels in the 
Military, these new allocation methods should attempt to 
Optimize with respect to system availability for any fixed 


cost in inventory investment. 





This pa per evaluates two shipboard allowance 
determination models as alternatives *o the FLSIP model. À 
relatively simple marginal analysis aodel is evaluated which 
considers the marginal increase in repair part availability 
to be gained per dollar spent when determining what repair 
parts should be allowed. This model requires unit cost data 
in addition to the data required for the FLSIP model. A 
much more complex optimization model which focuses on 
maximizing system availability is also evaluated. In 
addition to the data required for the  FLSIP model, the 
availability model considers equipment unit cost, equipment 
Mean Time To Repair (MTTR), total budget constraint, and 
system configuration data. These nodels are discussed in 
кај] іп Chapter III. 

An amended version of the NAVSEA TIGER siguiation model 


15 4564 +0 compare the effectiveness of each of the three 


allowance determination models under many different 
scenarios. Chapter II discusses the capabilities and uses 
of the amended TIGER simulator. A complete printout of the 


amended TIGER programs and specific instructions for their 
use are provided in Appendices B and C. An example of 
running each allowance determination model on the TIGER 
Simulator is provided in Chapter IV. The results of all the 
comparisons made during this research are provided in 
Chapter 7. 
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А. INTRODUCTION 


The TIGER simulation mcdel is a set of programs devel- 
oped within NAVSEA to evaluate the performance of complex 
Shipboard operating systems usina various measures of effec- 
tiveness. This model was modified so that i* was compatible 
with the Naval Postgraduate 5с 021 computer system in 
September 1980 by Leather (Ref. 1]. However, due to a 
complete replacement of hardware and partial replacement of 
software in December 1980, the model had to be further modi- 
fied to be compatible with the new computer system. All 
allowance computations and simulations were run on the IBM 
system 3033 using the programs in Appendix C. Once data 
inputs were prepared, an allowance computation and sinula- 
tion of 1000 missions could be run interactively ог а 
computer terminal in two to six seconds of computer time. 
All modifications are included in the programs provided in 
Appendix C. 

The TIGER simulation model considers the effect of the 


following system parameters: 


- the Mean Time Between Failures (MTBF) of the 
equipmerts/comnpenents in the system 

- the MTTR cf the equipments/conmponents in *he system 

- the interactions between various equioments/components 
in the system (as reflected in a reliability block 
diagram of the systen) 

- the number of spare parts available to support the 
systen 

- the cperating cycle for the system and the various 


components of the system 
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Befcre running a system, the appropriate data for the 
above parameters for that system must be input into the 
TIGER simulator as discussed in Appendix B. Most cf the 
inputs have to be specified exactly, however the TIGER simu- 
lator will compute repair part allowances if that is 
desired. As originally written, the number of repair parts 
authorized ina system could be specified exactly or а 
subroutine could be utilized which would compute repair part 
allowances for the system under  FLSIP procedures (which are 
utilized by the Navy Stips Parts Control Center to actually 
determine repair part allowances for Navy ships). ЕБЕТ 
procedures are discussed in detail in Chapter 3, section A. 
For this research, two additional subroutines were written 
for the TIGER simulation model so that repair part allow- 
ances for a system could also be computed using the Marginal 
Analysis model discussed in Chapter 3, section 3 or using 
the Availability model discussed in Chapter 3, section €. 
The main program was also modified to accept spare part unit 
costs and total budget constraints as input parameters for 
these models. 


B. TIGER OPERATION 


The TIGER simulator utilizes Monte Carlo random number 
techniques to estimate part failure times and times to 
repair based on the assumption that the times between 
failures for each part are exponentially distributed with 
parameter MTBF and the repair time for each part is exponen- 

lally distributed with parameter  MTTR. The operating 
Status of all parts is then observed at all times during the 
simulation to determine when the system is "up" and when it 
is "down". The TIGER simulator considers the inter-rela- 
tionships between the parts (as specified in +he reliability 


block diagram) to determine whether the system is "up" or 
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don". When an acceptable combination of parts are opera- 
tional then the system is considered to be "up". During 
those periods of time when an acceptable combination of 
parts are nct operational, the system is considered to be 
"down". 

The TIGER simulator measures the effectiveness of a 
system using the observed "up" and "down" times for that 
System over a specified nunber of missions. The length of 
each mission is included as an input parameter. The nunber 
of missions simulated is also specified in the input parane- 
ters and must be between 50 and 1000 (in increments of 50). 


System effectiveness is computed in the following four ways: 


1) Estimated reliability is the probability that a 
system will perform satisfactorily during an entire mission. 


Number of Mission Failures 


Нил гэгээг з 


Total Number of Simulated Missions 


2) Estimated Instant Availability is the probability 
that the system will be in an "up'" condition at a specific 
Born: in time. 

Number of Missions Up at Time (+) 
АУА ІН5ТАМТ(Е5Т) т --------------------------------- 
Total Number of Missions Simulated 
This value is calculated at the beginning and end of each 
phase sequence. A mission can contain up to six different 
operating scenarios. These are defined as phase sequences. 
For example, for simulating shipboard operations: one phase 
can represent іп port periods, another can represent normal 
steaming operations, | and a third can represent battle 
engagement periods. The ability to replace parts and the 
amount of time a part must be operational for the equipment 


to be considered in an "up" status can be varied from one 
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Кес суре to another. Details for doing this are discussed 


in Appendix B under Card Types 7, 10 and 13. 


3) Estimated Average Availability is the probability 
mat the system will be їп ап "up" condition at a random 
point in time. 


Summation of Uptime for 
All MisSiors Simulated 


AVA AVERAGE (EST) = ---------------------------------- 
Summation of Total Mission Calende 
Tine for all Missicns Simulated 
4) Estimated readiness is the probability that the 
Беседа Will be in an "up" condition at a random point in 


time assuming that the system stays down for *he remainder 


emea ch mission after its first failure in that mission. 


Summation of Uptime for all Missions 
Simulated (through the first failure) 
RED (EST) - ----------- -----:2------------------- 
Summatjion of Total “ission Calender 
Time for all Missions Sinulated 
E mated instant availability and estimated average 


m 
ilability were used to evaluate the ‘three allowance? 


vai 
determination models in this research. 


МИН 2 CCULIASITIES OF USE IN THIS THESIS 


Since the objective of this research was to measure the 
relative effectiveness of three different repair part allow- 
ance determination policies, many of the parameters in the 


TIGER simulator which could have been varied were not. Th= 


following input parameters were held constant throughout 
this research. 
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ЇЕ: Timeline phases. Scenarios can be specified where 
reliability block diagrams change during different phases of 
the mission timeframe being simulated. For the purposes of 
this study, only one phase was used for all simulations 
which lasted +he entire length of each mission. 

m Mean Time To Repair. MTTR was established as one 
hour for all equipments. 

B. Allowable Downtime. Equipments can be allowed to 
fail for a certain length of time without causing the systen 
Шо fail regardless of their position in the reliability 
block diagram by having specified allowable downtimes. The 
allowable downtines for all equipments used in this research 
were set to Zero. 

4. Three Levels of Repair Parts Support. Additional 
support from repair parts located at an intermediate level 
Supply activity (ie. a destroyer tender) and at a depot 
level supply activity (іг. a Naval Supply Canter) can be 
Simulated. However, since the objective of this research 
was to evaluate the effectiveness of shipboard allowances, 
it was assumed that no support could be obtained from 
intermediate or depot level activities during the 90 day 


mission involved. 


Pee TIGER OUTPUT 


The TIGER simulator produces both standard and optional 


auc puts. The various options are discussed in Appendix B 
ШІПЕТ the Printout Option Card. The optional output used 
for this research was the management summary printout. TE 


first displays most of the user's input, the allowance 
determination model used to compute repair part allowances 
(if one was used), and the number of repair parts being 
used. 
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The TIGER simulator then prints a message every tine the 
system goes down indicating which components are down and 
when they will come back up. Since this portion of the 
output was voluminous and not useful for analysis during 
this research, it was suppressed. 

Next the TIGER simulator prints the cumulative measures 
of effectiveness for the system after each group of 50 
missions has been simulated. Since this portion of the 
output was voluminous and not useful until all simulations 
were completed, it was suppressed until the last mission 
Simulaticn was completed. 

The TIGER simulator then produces tables which summarize 
data about specific equipment failures, the number of repair 
parts used, and critical equipments. 

Examples of the various outputs produced by the TIGER 
programs are provided in Appendix 0. A detailed explanation 


of these outputs is provided in Reference 4. 
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III. ALLOWANCE DETERMINATION POLICIES 





ЕГЕТ LOGISTICS SUPPORT IMPROVEMENT PROGRAM (PLSIP) 
ESNCEPT 


The FLSIP concept is presently used by the Ship's Parts 
Control Center (SPCC) хо determine repair part allowances 
for most shipboard applications. It requires two inputs. 
First, the average usage rate (on an annual basis) aust be 
known for each repair part. This is denoted as the Best 
Replacement Factor (ВЕР). Since most initial usage data 
available to the Navy is in the form of MTBF data, it must 
be converted for use іп the FLSIP model. Sinee ЕВЕ is 
measured in hour units and BRF is measured in annual units, 
the hourly MTBF data must be divided into 8760 (the number 
 ДоПптес ina 365 day year) to get a BRF figure. The 


formula for conversion is: 


8760 
BRF = ------ 
Tre. 
Second, the total number of times each repair part is 


installed in the varicus equipments aboard the ship must be 
pulation (POP). 
о 


known. This is known as the shipboard po 
= the expected 


These twc numbers are then multiplied to g 
number of failures for each part aboard that ship іп а опе 
year period of time. : This is  *aken as the mean for each 


part. 


mean annual demand 


BRE X POP 
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ШОШО nip9mum герјасепелћ 11:55,  technicsl overides. 
etc., the shipboard allowances for each repal 


determined as follows. 


d. If “їе mean annual demand for a part is greater 
*han or equal to 1.0, the shipboard allowances will 
be based on anticipated demand. The allowance will 
Бе set equal to the minimum number of spares that 
will provide at least a 90% probability that actual 
demand for the part during a 90 day period will not 
exceed the allowance quantity (assuming a@ Poisson 


distribution of demand). 


2 If the mean annual demand for a repair part is 
greater than or equal to .25 but less than 1.0, the 
shipboard allowance will be se* to one. These allow- 
ances are insurance items. (.25 is the insurance 
пеп Мете point = also known eas the FLSIP cut point.) 
Several years ago, asa result of funding presurss, 
this cut point was adjusted up from .15 to reduce the 
number of insurance items allowed. It can be 
adjusted up cr down to provide more or less ins 
protection for certain types of ships but the 
emphasis in this paper will be with the .25 lev 


3. If the mean annual demand for a part is less than 
РОН (о: свег specified cut point), no shipboard 
allowance will be established. 


Funding constraints for shipboard repair parts can be 
accommodated by increasing the FLSIP cut point as discussed 
above. However, since almost all the parts used in the 


systems being evaluated for this paper were assumed to be 
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2 


E а ге rate parts, a change of the FLSIP cu* point has 
little effect on the value of parts required to su 
those systems. This is due to the fact that most of the 
means were greater than 1.0 so the allowances were based on 
demand and adequate repair parts were allowed to neet the 
90% issue criteria regardless of the insurance item (РІЗІ?) 
cut point. Even if the cut point were changed from .25 (ie. 
one demand every % years) to 1.0 (le. one demand every 
year), the FLSIP computed allowances would exceed the budget 
constraints desired in most cases considered in this thesis. 


л 


ође: A study conducted by the Center For Naval Analysis 


(Ref. 2] has recommended the following changes to the РІЗІР 
model: 


а. Items supporting =quipments essential to a primary 
mission of the ship would be identified and the 
insurance item stockage threshold for these items 
would be lowered to .10 (one unit demanded in 10 


years), and 


b. High demand insurance items would be stocked in 
insurance quantities of two each instead of one 


each as is now done. 


Ens revised FLSIP model was not considered іп this 


research. 


Since changing the FLSIP cut point was not considered to 
be an effective way to constrain expenditures for the FLSIP 
model for the systems analyzed for this paper, the avail- 
ability objective of the model was varied instead. BY 
varying the availability objective, a budget constraint 
could effectively be introduced into the FLSIP model. To do 
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Нэг probability of not being ou+ of stock in «Бе FLSIP 
model was allowed to decrease until a low enough probability 
was reached to allow a set of FLSIP allowances to be 
computed within a specified budget constraint. The speci- 
fied availability started at 90% and was decreased in incre- 
ments of 55. 4% each increment, FLSIP allowances  чеге 
determined using the decreased probability and the cost of 
the repair parts was computed. Его ва! cost of repair 
parts was less than the funding constraint specified, then 
that FLSIP repaiz parts list was used. If the cost exceeded 
the funding constraint, that repair parts list was discarded 
and another set of FLSIP allowances were determined using a 
5% lower specified availability. This procedure is 
illustrated on Table I. 

Note that some of the different availability levels have 
the same allowance costs. This is true because they have 
the same allowance levels. Different availability levels 
can have the same allowance levels because repair part 
allowances do not change linearly with availability levels. 
Since repair parts must change in increments of one, the 
change in expected availability may decrease substantially 
by deleting one part. For example, if a part has an MTBF of 
1720 hours, the probability of having no demands in a 90 day 
period is 28%. So protection levels between zero and 28% 
can be obtained without carrying any Spares. Dt. won the 
other hand, one spare is carried, a protection level of 54% 
is obtained. So protection levels between 29% and 64% all 
require that one spare be carried. Рог the program written 
for this research, that means that protection levels of 60%, 
55%, 50%, 45%, 40%, 35% and 30% would all require an allow- 
ance of one. Not until the required availability level 
reached 25% would there be a change in the allowance for 
this part. 
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pen ES. 1 


NN uus Availability Objective in the „25 FLSIP Model 


The BM objective is varied in *he .25 FLSIP model 
memtacilitete the cóBputation of allowances within specified 
budget constraints. he use of the availability objective 
for this purpose is demonstrated with *he following system. 
MEAN 
Bart ANNUAL unit 
Number MTEF POP DEMAND Cos* 
1 22099 1 2.34 150.00 
2 1500 1 5.84 ШЕЛЕШЕ 
3 750 1 11:55 15200 
4 750 1 11.68 153.00 
5 1500 1 5.84 154.00 
6 7500 1 1.17 195800 
7 7500 1 12517 156.00 
8 2500 1 3.40 їс 700 
For this system, unconstrained .25 PLSIP allowances would 
ЕС $3059.00 as shown on the 90% availability line below. 
To determine the allowances when the funding is constrained 
to 75% of the fully funded costs (ie. 2293.50), the amended 
Шек FLSIP procedure is: 
ist: Set the high limit for the constrained allowances 
го 5$ higher than the specified limit (the 248 
Ш ро реге 15 52293.50 X 1,25 = $2408.18). This 
1s done to ensure that optimal combinations just 
just sliahtly above the specified budget con- 


Straint vill be considered. 


2nd: Compute spares required for various availabili-*v 
objectives (starting at 90% and going down 5% аса 
*ime) until a set of spares is found which will be 
less than the budget limit high as shown below. 
« Number of Repair Parts 
AVAIL Ба гаг заагт Pare Patt Part Part Part 
OBJECT COST #1 #2 t3 +4 #5 #6 #7 #8 
90 $3058 1 3 5 = 5 3 1 1 1 
85 3058 1 3 (9 5 3 1 1 1 
80 2448 1 2 4 4 2 1 1 1 
75 2448 1 2 - 4 2 1 1 1 
70 2448 1 2 Пәле Ц 2 1 1 1 
65 2143 1 2 > 3 2 1 1 1 
Since 52143 15 less than 32408, tha cepair parts compu+ed 
at the 65% availability оңу will be used as “һе 
allowances for the 75% funding level. 
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МЕСТНА 3424167515 CONCEP? 


One of the deficiencies of the FLSTP model as now used 
is that it ignores the cost of the spare parts in its compu- 
tations and in the decision process. The FLSIP model is 
also very limited in its ability to adjust to funding const- 
raints because this is presently only done by adjusting the 
insurance cut point. This can result in the inefficient 
allocation of budget dollars due to variances in the rela- 
tionships between the unit costs and the reliabilities of 
the various repair parts. The marginal analvsis concept, on 
the other hand, does consider the cost of the individual 
items and is designed to accomodate a budget constraint on 
the total amount of dollars available for spare parts. 
There are many different possible marginal analysis poli- 
cies. The one evaluated in this paper selects that combina- 
tion of parts (for a given set of parts) that will provide 
the highest total parts availability for a given dollar 
value constraint. Four inputs are required for this 
Concept. The following three inputs must be known for each 
part:  MTBF, total number of parts in the system, and the 
ENS cost. in addition, a total dollar value constraint for 
the repair parts allowance must be known. The shipboard 
repair part allowances are then determined by stepwise 
adding an additional spare for that item showing the 
greatest increase in probability of a fill per dollar spent. 
The incremental improvement in the probability of a fill is 
the difference 


DX" < Ян 
РЫ - М - РІ(ХХ з хо 1) , 


where x is the number of spares of item i and Xi is the 
demand for spares of item i. This turis оче to Də 





identically equal to the probability of a demand for exactly 
Нэтс or pi(X) = P(Xi=x). The policy is illustrated with 
a simple example involving only the three parts shown in 


Figure 3.1. 


= ое реб у eee | 


| Part Mean 90 . 

| Number ИВЕ Рор Day Demand gait Cost | 
| 1 1720 1 12226 $ 200.00 | 
| 2 1720 1 12229 20-00 | 
| 3000 1 „72 100.00 | 


Figure 3.1 Example System for Marginal Analysis Model 


Step 1. First, we want to determine the marginal 
benefit (in probability of filling demands) of adding а 


single spare of each item. For our example: 


р? (1) =. 35634 142 p2(1)=.35634142 р3(1) =. 35 18585 


эсер 2. Then for each part, we determine the marginal 
benefit to cost ratios by dividing the values in step 1 Бу 
the unit cost of the part. For our 2xanple: 


1 (1 2(1 3(1 
2211) 2 0017817 Boe 071268 PME: 11035185 
о C2 c3 


The resulting value is the marginal benefit per dollar 
invested of adding cne of each of the parts. 
бер 3. The part with the highest ratio calculated in 


step number 2 is assigned a single spare. For our exanple, 
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the part with the highest marginal availability is 


к 
№ 
t1 
ct 


number 2. 


Step 4. The total cost of all assigned repair parts is 
then compared to the budget constraint. For our example, 
the current total cost of assigned repair parts is 350.00 as 
Shown in Figure 3.2. If the constraint has been reached or 
exceeded, the computations are concluded with the parts 
allowances assigned to that point. If the budget constraint 


has net been reached, the model continues on to step 5. 


INL Lic буигГ су 





{ 

Part ! | 
| Number Allowance Unie Cose Total Cost | 
| 1 -0- $200.00 -0- | 

2 1 50700 50:00 | 

| -0- 100. 00 -0- | 
Bi | 

| Total Costs $50.00 | 


a ьан 


Figure’ 3.2 Total Costs of Allowances Assigned After First 
Iteration 


Step 5. A revised marginal availability is calculated 
for the part which was assigned an allowance in step 3. One 
additional spare is now considered for that part and the 
probability of that many demands in а 90 day period is 
calculated. POr our зхапрје, the revised marginal 
Ши Јабајсву for part number 2 is p2(2) = .22701228. The 
new marginal benefit to ccst rate for this item is then 
computed by dividing the revised marginal availability of 
the item by its unit cost. For our example: 

р2(2) «22701228 


-----  --------- - .00454024 
22 50 


24 





почет then brings along the information from step 
those items not selected for an increase 
and repeats the same type of comparis 


on 
3. For our example, the benefit to cost rates are now 


1 (1 2 (2 EN 
2101) 2 0017817. £542 2 .0005002u0 5212. ,оо35186 
1 C3 СЗ 


The next spare will again be assigned to part number 2 since 
1% still shows the maximum rate. 

The above process continues until the specified budget 
constraint is reached. 


ПОО AVAILABILITY CONCEPT 


The availability of equipments and systems afloat are a 
function of many factors as discussed in Chapter 1. One 
weakness of both the FLSIP and Marginal Analysis models is 
that neither of them considers many of those factors. They, 
in essence, ignore many operational issues which should be 
considered by a model of this type to ET аз accurate as 
possible. Another weakness of both of those models is that 
the measure of effectiveness for the system is not system 
related and consequently, опе cannot relate resources to 
readiness (ie. system availability). Man Won Jee [Ref. 3: 
ch. 4], developed a mathnetical model for computing repair 
part allowances to support any given system. The model 
optimizes the instant operational availability of а system 
for any given budgetary constraint. This is referred to as 
the Availability model. The Availability model improves 
meen both the FLSIP ага Marginal Analysis models by 
including several more of the pertinent operational factors. 
Those factors included in the Availability model which are 


Mot considered in either of the other models are the Mean 
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Time To Repair (replace) a component and a consideration of 
the interactions between the various components in the 
systen. Like the Marginal Analysis nodel, the Availability 
model also considers the unit cost of each repair part and 
the total budget constraint on the repair parts allowed. In 
addition, the Availability model improves upon the FLSIP and 
Marginal Analysis modéls by relating resource utilization to 
optimizing system availability which is the measure of 
effectiveness. 

Por a single component systen, Jee showed that the 
availability after t units of time of a component having a 
Spares 1S given by 

(п) (251) (е 


А (у= A (Е) + ((£ * g) >в 
(5) 


where f(t) is the probability density of component 
lifetimes, g(t) is the probability density of 
replacement times, F(t} = P(T = +) and (fg) 


represents ene k=told convolution of £ and g. 


Jee further showed that for the special case in which 
- (lambda) (*) 
((1албда) (ғ)) sand 


(aut 
( (пи) (е)) З ; 


£ (t) 


g (t) 


the marginal contribution that the nth spare provides to 


System availability is: 
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oo E) = 
(5) 
к k (KST) 
+ > r (k+r- De t -1t 
ae (еј --- d n )e 
га! ЛЕ (к-г)! 
r! 5 
k (k-1) К-1 р (12:21:11) 
аж © * 2»: (k+1) 1 de -rt 
FA dE ------- Me је 
А (k- 1) 1 1-1 1 (К-1-1)! 
1! 5 
where: 1 = lambda, n = nu, 0 = ln, & = n-l = 0, and 
р п! 
n k = ---- 
(n-k)! 


> 


The above formula is referred to as the ЈЕВ formula 
throughou* this paper. 411 systems analyzed in this paper 
were assumed to have parts with exponentially distributed 
times between failures and replacement times so the  JEE 
formula is used for all calculations. An example of the 
results cf using the JEE formula to determine the contribu- 
tion to system marginal availability of individual spares is 
shown in Table ITI. A maximum of 9 spares for a given part 
are allowed when using the JEE formula in the amended TIGER 
model written for this research effort. 

Jee then developed a repair parts allocation algorithm 
that utilizes the JEE formula to optimize the instant opera- 
tional availability of a system by efficiently allocating 
the number of spares for each component in a "k" component 
system [Bef. 3: ch. 6]. The algorithm he developed is basi- 
cally a dynamic program which is then used to determine the 
most efficient combination of repair parts for each budget 
amount. 
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The sample system shown in Table II will be used to 
illustrate how the JEE algorithm works. Part numbers 2 and 
3 will be used as the first two dynamic programming stages 
four illustration. The stage returns from the first two 
stages are simply the results of initially calculating the 
marginal contributions of repair parts 2 and 3 using the JEE 
formula as shown in Table ІІ. These stage returns are then 
assembled into the matrix shown on Table III so that a 
sequence of maximum returns from the combination of these 
two stages can be calculated. 

The JEE algorithm always starts in the upper left hand 
corner of the matrix because that is the minimum cost combi- 
nation for the two stages being considered. This 25 the 
first undominated combination on the matrix. The algorithm 
determines the cost and system availability of using the 
combination of repair parts specified at that junction in 
the matrir. The cost is calculated by simply costing out 
the repair parts specified at that point. The calculation 
ef the resulting system availability depends upon whether 
the parts are operating in series or in parallel. If the 
parts are in series, the system availability is: 


AV AIL = AVAIL 3 AVAIL Е 
sys 1 2 


If the parts are in parallel, the system availability is: 


AVAIL ^К 01:2111112142280 1- ХҮАТТ,) - 
575 1 2 

Parts 2 and 3 shown on Table II are in parallel and the 

results of the above calculations for the first undominated 

combination in the matrix on Table III are a cost of $0.0 

КШК ап availability of .8199. The same calculations are 

then made for other pertinent blocks in the matrix. For 


example, the cost of combining three spares for part number 
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2 with three spares for part number three is $909 and the 
resulting availability for this same combination is .9999. 
The calculations do not have to be made for all combinations 
as discussed in detail by Jee [Ref. 3: ch. 6]. 

Next, the JEE algorithm finds that combination in the 
matrix which has a combined cost less than any other combi- 
nation with a system availability larger than that of the 
previous undominated combination. That combination is the 
next optimal combination in the matrix. This process is 
repeated until all undominated combinations on the matrix 
have been identified (a maximum of 99 undominated combina- 
tions can be processed using the amended TIGER model written 
for this research effort). The first 8 undominated combina- 
tions are indicated on Table III. The optimal repair parts 
allocation at any dollar level can be identified by simply 
following the arrows on the matrix until the specified 
dollar level is found. For example, on Table III, a combi- 
nation of three spares for part #2 and zero spares for part 
$3 would be optimal fcr budget levels between $453 and $603 
while a combination of four spares for part #2 and zero 
Spares fcr part #3 would be optimal for a budget level of 
$604. 

The undominated combinations from the matrix in Table 
III are the returns from stage 3. These returns are then 
combined with the cost and availability data for the part 
(or combination of parts) inthe next stage of the systen. 
In Table IV, the undominated combinations from Table III are 
combined with “їе costs and availabilities for part 3 from 
Table II. As discussed on Table II, these parts are assumed 
to be in series. The resulting first eight  undominated 
combinations are shown on Table IV. As can be observed from 
Table IV, a combination of 4% spares for part 41, 1 spare for 
part “82, and 0 spares for part #3 is optimal for budget 
levels between $751 and $900, etc. 
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TABLE IV 


JEE Algorithm Matrix = 





& The top and side rows in the matrix show the number 
Of spares , the total of their unit costs and and the 
availability contribution of each of the parts 
indicated. The numbers within the matrix show the total 
costs and resulting availabilities from combining the 
numbers of spares indicated. 


This combining of matrices is continued until all the 
parts in the system are included in one of the two axes of 
mae final matrix. Then the optimal combination of repair 
parts can be identified for any dollar level by lcoking a+ 


the undcminated allocations for that matrix. 
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A. INTRODUCTION 


The TIGER programs in Appendix C automatically compute 
repair part allowances and run simulations using those 
allowances under the operating  scrnarios specified in the 
input data. The output produced are in three sections: 


ПУ the input deck printout; 
2) the allowance computation output; and 
3) the simulation output. 


The input deck printout and simulation output have the same 
format for all three allowance determination models and are 
explained in detail in Reference 4, section 4. The allow- 
ance computation output was added for this research effort 
and is different for each of the allowance determination 
models. The allowance computation outputs are discussed in 
detail in this chapter. Comparisons between the effective- 
ness of the three allowance determination models are nade in 
Шпарбег 5. 

The system shown in Figure 4.1 will be used to demons- 
trate the processing of each allowance deternination model. 
Each of the eight parts are assumed to be unique and have 
the unit prices and MTBFs shown. The allowances being 
developed are to sustain operations for 90 days. The fornat 
in which the data is input into the programs іп Appendix C 
is discussed in detail in Appendix B. 
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| +--- + +--- | 
| =, E En | 
| | | uu 
| ІІ тагт | 
E | || | 
IA | 
INST | | 
+--- + +--- | 
| 
| 
| ITEN NUNBER НТВБ(войга) UNIT COST | 
| 1 25009 150.00 | 
| 2 1500 151:00 | 
| 3 750 152500 | 
: 290 124100 | 
| 2 7200 155.00 | 
| 7 7500 1509290 | 
8 2500 157.00 
1 шиг | 


Pigure 4.1 Example System 


ЕЙ ЕХАНРГЕ ОҒ АН UNCONSTRAINED .25 FLSIP MODEL 


Table V is the allowance computation output for an 
unconstrained ,25  FLSIP model allowance for the system in 
Figure 4.1. For an unconstrained  FLSIP allowance, the 
budget specified must be large enough to ensure that all 
insurance items will have an allowance equal *o one and that 
all demand based items will have an allowance adequate to 
Satisfy 90% of all expected demands during a 90 day period 
as discussed in Chapter 3, section A. 

The first line of output shown is the budget constraint 
being used. This is shown after the letters "BUDA" which 


па for "udget-HMigh Limit". In our example, the budget 
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ПИ Га ИИО 148295. This 18 5% higher than the actual 
manet constraint of 510,000 which iwas input. Ээ аре 
Пашу јап the budget constraint was selected to ensure that 
AN. FLSIP computations that would be just slightly over the 
constraint specified would still be used for comparison 
pur poses. This was done zo ensure the FLSIP model comparss 


as favorably as possible. 


TABLE Y 


FLSIP Example: Allowance Computation Output 


BUDH 10498.95 
SPARES EEING COMPUTED USING FLSIP 


XAVAIL = 0.9000 

XSUM - 3058.00 

PERES TYPE SIDE TENDER BASE FACTOR 
1 1 0 0 93:00 
2 3 0 0 999.00 
3 5 0 0 339290 
i 5 0 0 399200 
5 3 0 0 225020 
6 1 0 0 399700 
7 1 0 0 2399290 
8 1 0 0 999.00 


The next two lines of output specify that the FLSIP 
model is being used and what availability probability was 
used to determine the .25 FLSIP allowances. All computa- 
tions start at the 90% level (ie-computations prođuce allow- 
ances adequate to provide a 90% probability that the ship 
will have as many repair parts as demands for repair parts 
during any given 90 day period of time). 

Mews fourth lire of output is the total cost of all 
allowances required to satisfy the probability level previ- 


ously specified. This i> shown after the letters 
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С: 


YS M". ТЕ YXSUM nca = <= nor = 


au S SUD, yer €te 
repair parts computed during that step will be used as tha 
repair parts for this model. 15 Х50М 15 greater than BUDH, 
then the probability level will be reduced by 5% and another 
set of repair parts will be computed. In our example, XSUM 
for the 90% probability level is $3058.00 which is less than 
the budget limit of $10498.95 so the repair parts computed 
for this level are used. 

The number of spare parts are the last thing shown on 
this vart of the output page. In our example, item numbers 
(spares type) 1,6,7 and 3 are each assigned one shipboard 
spare, item numbers 2 and 5 are each assigned three shio- 
board spares and item numbers 3 and 4 are each assigned five 
Shipbeard spares. 

For this research, it was assumed that no support could 
be received from sources other than the shipboard allowances 
SO nO spares are assigned to the tender or base levels of 
supply. The 999.00 in the "PFACTOR" colunn indicates that 
the allowances shown were determined by the program instead 
cf specified so the 999.00 should be ignored. When spares 
are specified, the number in this column is a spares nulti- 
plier which is explained fully in Appendix B under Card Type 
13. 


С. EXAMFLE OF A 100% FUNDED MARGINAL ANALYSIS MODEL 


When the Marginal Analysis model uses the total costs of 
an unconstrained .25 FLSI?P model allowance as the budget 
constraint, it 15$ teferred to as a 100% funded Marginal 
Analysis model. For the system in Figure 4.1, the cost of 
the allowances computed using the unconstrained .25 FLSIP 
model were $3058.00; so $3058.00 will be used as the budget 
constraint for the 100% funded marginal analysis model 
processing for that system. 
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TABLE YI 


Marginal Analysis Example: Allowance Determination Output 


SPARES WILL BE DETERMINED WITH MARGINAL ANALYSIS 
BUDGET IS 3058. 


EHE COST OF ITEN 1255 150. 00 
ШИЕ CCST OF ITEM 21715 151.00 
BUE COST OF ITEM Je ES 152.00 
BUE COST OF ITEM u I5 153.00 
fas COST OF ITEM SIS 154.00 
Me COST OF ITEM Багт 155. 00 
EHE COST OF ITEN IRITS 156. 00 
mee COST OF ITEM BUS 157.090 


ALL SPARES HAVE BEZN COMPUT ED 


SPARES TYPE SHIP TENDER ВАЗЕ FACTOR 
1 0 0 0 999.00 
2 3 0 0 999.00 
3 5 0 0 999.00 
4 4 0 0 999.00 
3 3 0 0 999.00 
6 1 0 9 999.00 
7 1 0 0 999.00 
8 2 0 0 999.00 
The allowance computation outputs for a Marginal 


Analysis allowance determination model are different from 
those fcr the FLSIP model as shown on Table VI. The iirst 
line of output for the Marginal Analysis model is the state- 
nent that spares are determined using Marginal Analysis. 
The budget constraint and unit cost of each item are then 
printed as well as a statement indicating *hat all allow- 
ances have been computed. The allowance quantities ars 
printed last. For the marginal analysis model, item numbers 
6 and 7 are each assigned cne spare, item number 3 is 
assigned two spares, item numbers 2 and 5 are each assigned 
three spares, item number 4 is assigned four spares, ¡tea 3 
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Ета five spares and iten number 1 is not assigned 
any spares. Note the diffsrences in the allowances conputed 
using the  РІЗІР and Marginal Analysis models. The total 
cost of the allowances determined by the Marginal Analysis 
model are only $2912.00 compared to $3053.00 for the FLSIP 
model because the next most cost effective part would have 
made the total investment in the Marginal analysis model 
higher than that of the FLSIP modal. Since the system 
presently in use is the РІЅІР system, all unavoidable 
advantages in comparisons were given to the FLSIP systen. 


р. EXAMPLE OF A 100% FUNDED AVAILABILITY MODEL 


When «he Availability model also uses the total costs of 
an unconstrained .25 FLSIP model allowance as the budget 
Bomettain=, then the Availability model is referred to as a 
100% funded Availability model. 

The allowance computation outputs for the Availability 
allowance determination model are different from the other 
models as shown on Table VII. The first line of output for 
the Availability model is the statement that spares were 
computed using the JEE formula. JTIME and TOTSOR are sinply 
вини огоє ої the input data on the JEE Data card. JTIME 
equals the number of hours simulated (90 days X 24 hours) 
and TOTSPR is the maximum number of spares which can be 


considered for any one repair part; for this example the 


TOTSPR used was 9. The availability matrix for each spare 
is then computed. After the availability matrix ‘for the 
last spare has been printed, the output will indicate that 


the JEE algorithm has been entered. 

Table VII shows the optimal allowances for the 100% 
funded availability model for the system in Figure 4.1. 
Item numbers 1,6 and 7 are each assigned two spares, item 


number 8 is assigned four scares, item numbers 2 and 5 are 
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each assigned five spares, and item numbers 3 and Y are not 
assigned any spares. 

If an optimal combination of spares can be determined by 
the algorithm, the last output will show the quantities of 
Spares computed. However, there are two reasons why the 
computation of an optimal combination of spares may not be 
possible. First, the program can handle a maximum of only 9 
spares for any given repair part. so, 1f the optimal solu- 
tion has any repair parts with тоге than 9 spares, it cannot 
be computed. Second, the maximum number of undominated 
combinations which can be handled by the program is 99 and, 
if more than 99 undominated combinations are required in any 
matrix to reach the desired budget constraint, then the 
optimal solution cannot be computel. Li cas) сопа коп 
ЕШ іс, the output will print: "OPTIMAL SOLUTION CANNOT BE 
COMPUTED", Even though an optimal solution cannot ре 
computed, a set of spare parts will be generated and 
printed. It should “Бе remembered however that these 
allowances are not optimal. 


E. BUDGET CONSTRAINED EXAMPLES 


Any dollar amount can be used as a budget constraint for 
the three allowance determination models. The FLSIP model 
will nct compute allowances any higher than required to meet 
its insurance and availability objectives and therefore nay 
not use all funds available. The marginal analysis and 
availability models will kee» assizning spares until the 
budget constraint is reached. 

Fer this research effort, the performance of the models 
was observed at budget constraints which were less than 
necessary to provide fully funded .25 FLSIP allowances. 
Examples are provided below for the allowance comoutation 


cutputs for the three models using a budget constraint equal 
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ШИ 15% ОҒ Тһе costs of an unconstrained .25 FLSIP allowance 
for the system in Figure Y. 1. The 75% budget constraint is 
equal to $2295.00. 

The allowance computation outputs for the 75% funded .25 
FLSIP model are shcwn on Table VIII. The program had to 
compute allowances at six different availability levels 
before it found one that would produce allowances costing 
less than the budget constraint (see Chapter 3, section A, 
for an  sxplanation of this process). At the 90% and 85% 
availability levels, the allowances computed would cost 
$3058.00, and at the 80%, 75%, and 70% availability levels, 
the allcwances computed would cost $2448.00. Different 
availability levels can have the same costs as discussed in 
detail in Chapter 3, section A. All of these allowance 
alternatives are more costly than the allowed budget. Not 
until the computation of the 65% availability level is an 
allowance combination reached (costing $2143.00) which is 
less than the budget constraint. The combination of repair 
parts computed as the 65% allowance level is then used in 
the TIGER simulation program to compute availabilities. 

The allowance computation outputs for the 75% funded 
Marginal Analysis model are shown on Table ІХ. The only 
differences in the output for the 75% funded modei and the 
100% funded model (Table VI) are the budget constraint used 
and the allowances specified. The printout for the marginal 
analysis model does not show the different steps the progran 
is going through to determine the allowances as does “һе .25 
FLSIP model. However, the constrained runs do produce 
different allowances as can be seen by comparing Tables VI 
and IX. The 75% funded allowances have one additional spare 
for item number 1 but have one less spare for item numbers 
fee, 4, 5 and 8. 
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TALL VIIL 


FLSIP Example(75* funding): Allowance Determination Output 


BODA 2409.75 
BEARES BEING COMPUTZD USING FLSIP 
XAVAIL = 0.9000 
XSUM = 3058.00 
XAVAIL = 0.8500 
XSUM = 3058.00 
XAVAIL = 0.8000 
Х50М - 2448.00 
XAVAIL = 0.7500 
XSUM = 2448.00 
XAVAIL = 0.7000 
XSUM = 2448.00 
XAVAIL = 0.0500 
XSUM - 2143.00 


BESTP ALLOWS CONSTRAINED 3Y BUDGET, XAVAIL=.650000 

SOLARES ТУРЕ SHIP TENDER BASE FACTOR 
1 1 0 0 200 
2 2 0 0 ВО 
3 3 0 0 998600 
4 3 0 0 29:00 
5 2 0 0 909 00 
6 1 0 0 9899-00 
7] 1 0 0 15:00 
8 1 0 0 999.00 


The allowance computation outputs for the 75% funded 
Availability model are shown on Table X. The outputs are 
the same as for the 100% funded Availability model (Table 
ЧІТ) except for the allowances determined. Like the 
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ORELE IX 
75% Funded Doe Analysis Example: Allowance 
etermination Output 


SPARES WILL BE DETERMINED WITH MARGINAL ANALYSIS 
BUDGET 15 2295. 


BEES COST OF ITEM TORIS 150. 00 
moe COST OF ITEM 2 15 151. 00 
ШЕР COST OF ITEM З ТІ 152.00 
BE COST OF ITEM 4 15 123.00 
БИН COST OF ITEM IS 154.00 
ms CCST OF ITEM 6 15 155.00 
ШЕР COST OF ITEM 7 Т5 156.00 
ШІН COST OF ITEM GENES 157.00 


ALL SPARES HAVE BEEN COMPUT ED 


PEARES TYPE SHITE TEN DER BASE FACTOR 
1 1 0 0 999.00 
2 2 0 999200 
3 + 0 9 999.00 
Ц 3 0 0 999.00 
Э 2 0 0 973207 
6 1 0 0 999.00 
E 1 0 0 399.00 
8 1 0 0 999.00 


Marginal Analysis model, the Availability model does not 
show the different steps the program is going through to 
determine the allowances. 
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V. EVALUATION AND COMPARISON OF THE 


A. SYSTEMS USED FOR EVALUATION 


The four systems shown on Figures 5.1 through 5.4 were 
used to evaluate the three allowance determination models. 
The systems were selected to illustrate the relative effec- 
tiveness of the models in situations where the degree of 
designed-in system redundancy differs significantly. FOr 
example, System A has no designed-in redundancy and will 
fail whenever any one of the eight components fails whereas 
System D has a significant degree of designed-in redundancy 
and will not fail as long as components 1, 8 апд 6 ог? 
da't fail or components 1, 8 and 2 or 3 and 8 ог 5 don't 
fall. 
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Figure 5.1 System A 
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Figure 5.4 System D 


Be SCENARIOS USED FOR EVALUATION 


The twenty-seven different scenarios shown in Table XI 
were used in evaluating the three allowance determination 
models for each of the four systems discussed above. 

Since the Marginal Analysis and Availability models 
explicitly consider component costs and MTBF as par+ of the 
allecaticn algorithm, the three models were compared on 
systems having a range of variabilities in component unit 
costs and MTBFs. Any advantages offered by algorithms which 
consider unit costs should be most apparent for cases in 


which unit cost variabilities are high. Likewise, any 
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TABLE XI 


Test Scenarios 


(Cases are defined in Figures 5.5 and 5.6) 


100% Funding = | 75% Funding * | 50% Funding 5 
| 
Part Cost MTBF | Part Cost MTBF | Part Cost  MTBF 
Variance Variance | Variance Variance | Variance Variance 
Case A Case 1 | Сазе А Сазе 1 | Сазе А Case 1 
Case B Case 1 | Case B Case 1 | Case B Case 1 


ЕВО нэ Кк г Кк «Қ» A A amd ЦЭ «ирнэ нэ APA AO A A A сэр ан» нэ... «қаз «Сс» «кр «ЖЕ» “ирээ “нэ A «ЖЕ» сэ нэ «Қа» «Қаз A A A A A AA A «ЖЕ» оғы» ёо» нэ» GUB um 


| | 
Сазе С Сазе 1 | Case C Case 1 | Case C Case 1 


Case A Case 2 | Сазе А Сазе 2 | Case А Case 2 
| | 

Сазе А Сазе 3 | Case A Case 3 | Case A Case 3 
| | 

Сазе В Сазе 2 | Case B Case 2 | Case B3 Case 2 

Case C Case 2 | Case C Case 2 | Case C Case 2 

Case B Case 3 | Case B Case 3 | Case B8 Case 3 
| | 

Case C Case 3 | Case C Case 3 | Case C Case 3 


ақы «қазар «Ж» A A «қаз «ЖЕ» A A y AA A «нээ A «нэ» “нэ Y ADA AU A AD A O A A ADA A A «НЬ A A AO онь «Қаз «Қыз «а» Y A «Қз ыз «ЫЗ ы» «Ы» “нэ “нэ нэ нэ “нэ «нэ «қаз «КЕ» «ҚЫЗ «р «нь» 


ж based on the budget for the Unconstrained .25 FLSIP 
allowance list 
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advantages offered by algorithms which consider the MTBFs of 
the parts in the system should be most apparent for cases in 
to bias the 


comparisons were also 


which  MTBF variances are high. So as not 


results in favor of any given model, 


made for cases in which the variability in unit costs and 
MTBFs were low. The three different sets of part costs 
shown in Figure 5.5 and the three sets of part MTBF data 
shown in Figure 5.6 were evaluated. 
к С С е 
| Part Number Case А Case B Case C | 
| ею «ию «и» m AA mem сир cm» ИР чар = <> => => = о = о = сар сэв > = 
| 
| 1 53502007 51302007 -25-50.00 | 
| 2 151.090 200.00 4 00.00 | 
{ 3 1152. 3009 100.00 500.00 | 
| 4 153.00 100.00 500.00 
5 154. 00 200.00 400.00 | 
| 6 195.200 50.00 50.00 
| 7 156. 00 50.00 50:00 | 
| 8 157.00 1505090 50200 | 
| Mean 193290 125.00 150500 | 
| 
| 
| Standard | 
| Deviation 2. 45 59.76 үл? | 
Нь. 22 ae 5 


Figure 5.5 Part Cost Sets 


Since the Marginal Analysis and Availability models are 


designed to accomodate funding restrictions and the FLSIP 
nodel is not, 
should be 


raints are severe. 


any advantages offered by the former models 


nost apparent for cases in which funding const- 


So as not to bias the results in favor 


of the alternative models, comparisons were also made for 
сова шу. Била BESTE 


Thus, the allowances provided by each model for 


systems where funds were adequate 


allowances. 
each combination or scenario of 


part costs and  MTBFs were 
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Р Part Number Case 1 Case 2 Case 3 | 


a a. a om CC эг. << <= | 
- 
| 1 1,720 1277120 257000 | 
| 2 1,720 1,000 1,500 | 
3 1, 720 2.09.00 750 | 

| 4 1,720 5,000 750 
5 1120 25000 1,500 | 
| 6 1,720 9,900 7,900 | 
| 7 1,720 7,720 7,500 | 
| 8 127120 18277720 2,500 | 
| 
| Mean 1,720 7,270 51875 | 

| 

| Standard | 
| Deviation -0- 6,095 8,222 | 
n. ји | 





Figure 5.6 Part MTBF Sets 


determined for 100% (unconstrained), 75%, and 50€ funding 
levels. The unconstrained funding level was based on a 
fully funded .25 FLSIP allowance for each scenario. 

The parts required for a .25 FLSIP allowance to support 
each system under each scenario were determined first. The 
cumulative cost of those parts was then established as the 
1005 funding level. This 100% funding figure was then used 
as a constraint to establish allowances for each scenario 
using the Marginal Analysis and Availability models. Next, 
the funding available was constrained to 75% and 50% of the 
unconstrained FLSIP funding level for each system and scen- 
ario. Spares allowances were determined by using each of 
the three mcdels for a given constrained funding. 


EN TEST RESULTS 


The results of running the TIGER simulations for the 
four systems and the 27 scenarios discussed above are shown 
in Tables XII and XIII. Zach system was simulated over 1000 
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missions (the maximum allowable in the TIGER simulator). À 
random nunber seed of 2222 was used for all simulations. 
The results include both average availability and instant 
availability. 

Of the three allowance determination models, the avail- 
ability model is the only one which considers system design. 
The advantages of considering system design when computing 
repair part allowances are clear in the example used in 
Chapter 4 (see Figure 4.1). That system is referred to in 
this chapter as the "B" systen. The cost data and MTBF 
correspond to cases A and 3, resvectively. The allowances 
computed by each allowance determination model for the "B" 
System are shown in Figure 5.7. 

Since the FLSIP system ignores configuration, it assigns 
the highest number of spares (5 each) to part numbers 3 and 
ü since they are expected to fail the most often and are 
therefore assumed to need the most support. Since the costs 
of the parts in this system are almost identical, the 
marginal analysis model essentially assigns spares (in this 
Situation) to these parts which are expected to fail the 
most since that maximizes the number of demands that will be 
EM led. This procedure results іп almost the same 
allowances as the FLSIP model. 

The Availability model recognizes that there is a mors 
reliable parallel leg which can be supported more cost- 
effectively and therefore assigns no spares to part numbers 
3 and 4. This action leaves extra money available to 
provide additional support to the other non-redundant parts 
in the system and results ina 10% improvement іп system 
availability over the FLSIP model allowances and an 8% 
improvement in system availability over the Marginal 
Analysis model allowances. The availabilities, both average 
and instantaneous, listed in Tables XII and XIII аге 
89/91/98. 
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TABLZ XII 


Percent System Availability Achieved 


AVERAGE AVAILABILITY 
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The cverall results of the Marginal Analysis model were 
somewhat disappointing. For the data collected in Tables 
XII and XIII, the Marginal Analysis model outperformed the 
FLSIP model only 37% of ch 
(РІ ЗІР 414 better 43% of the time and they tied 20% of the 
time) and 31% of the time for instant availability (FLSIP 
did better 16% of the time and they tied 53% of the time). 
It also achieved greater than 90% average availability only 
46% of the time compared to 50% of the time for  FLSIP and 


65% of the time for the Availability model. Because of the 


e time for average availability 


relatively poor performance of this model compared to the 
FLSIP model, no further analyses will consider the Marginal 
Analysis model. 

As would be expected, the improvements produced by the 
Availability model over the FLSIP model are always greater 
in instant availability than in average availability because 
the Availability model was designed to optimize instant 
availability. However, the Availability model also always 
resulted іп the same or higher average availability thar did 
the FLSIP model. Ecol SS An a given simulation, one 
might cbserve that the FLSIP model produces higher avail- 
ability than does the availability model just due to chance 
fluctuation. Indeed this happened for scenarios Case B/Case 
1 for 50% funding, Case C/Case 1 for 50% funding, and Case 
A/Case 2 for 100% funding under System A on Table XII. 
Subsequent simulation runs using different random number 
seeds yielded the expected results with the Availability 
model outperforming the FLSIP model with respect to system 
availability. 

As shown on Table XIV, the level of part cost variance 
has little influence on availability under the  FLSIP model 
while the level of MTBF variance does significantly affect 
availability. This is as expected since the  FLSIP model 
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Allowances | 

EE - = = по == | 
Determination Part Number 

Model 1 2 3 4 5 6 1/ 8 | 

BESIP 1 5 5 3 1 1 1 | 

| Marginal Analysis 0 3 5 4 3 1 1 2 | 

| Availability 2 5 0 0 5 2 2 ц | 

e Энэ e 


Figure 5.7 Allowances for Sample Systen 


does explicitly consider MTBF (through the demand rate) but 
it does not consider part ccsts. 

As shown on Table XIV, the part cost variability has 
some effect on system availability when the availability 
model is used. However, the variability in MTBF's has a 
much more significant effect. Since the systems evaluated 
in Table XIV are fully funded systems, it appears that in 
the Availability model the influence of MTBF variance and 
system configuration are much more important in determining 
parts allowances than part costs are when the system 15 
relatively well funded. 

For both the FLSIP model and the Availability model, the 
level of availability improves as the systems become more 
redundant. The general improvement in availability as 
System redundancy increases is expected from reliability 
theory. As shown on Table XV, the percentage improvement 
with the Availability model is much higher than with «ha 
FISIP model. This could also be anticipated since the 
Availability model is an optimization model which would 
increasingly enhance the reliability of a system as the 
system became more and more reliable itself; while the FLSIP 
model would provide the same level and type of support to 
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TABLE XIV 


Average Availability: Actual MTBF Used со Compute Allowances 


(100% Fully Funded Scenarios) 


No  Redun Low Redun 
ЕШБІР АУА FLSIP AVA 
MTBF --------- --------- --------- --------- 
Case 1 29 3 172” 3 1 2 3 1 27 3 
Part Cost 
Case 
Case A 90 83 83 90 82 83 94 95 89 96 95 98 
Case B 90 83 83 90 85 84 94 95 89 96 95 96 
Case C 90 83 83 a 85 a 9ц 95 89 97 98 а 
Med Redun Ні Redun 
FLSIP AVA FLSIP АЧА 
MT BF --------- --------- --------- --------- 
Case 1 2 3 11722083 TEE 1 2 3 
Bart Cost 
Variance Case 
Case A 97 99 91 99 99 99 97 99 92 99 99 99 
Сазе В 97 99 91 99 99 99 97 99 92 99 998 99 
Case C 97 99 91 99 99 а 97 99 92 99 99 а 


a - no optimal solution could be found using the JEE 
algorithm programmed for this research. 


all systems regardless of how reliable the system might be. 
This results in providing support to components for which 
additional support is not needed at the expense (tradeoff) 


of not having extra support in areas which could use it. 
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TABLE XV 


Percent Decrease in Unavailability By Using Availability 
Allowances Vice FLSIP 


Part 
Cost MTBF 
Yar Var Fun | _ 
Case Case Ч No Redun Low Redun Med Redun Hi Redun 
À 1 100 Same 28 47 56 
75 Sa me 28 69 86 
50 Sa me 6 29 72 
В 1 100 Same 28 52 57 
75 3 30 80 27 
5D 13 8 68 8 1 
С 1 100 ЧОР 4 1 S 57 
75 10 82 87 87 
50 (8 54 95 95 
A 2 100 8 3 65 80 
75 9 46 69 48 
50 а а 89 а 
А 3 100 Same 79 94 94 
75 5 60 93 95 
50 ц 55 95 95 
8 2 100 10 12 78 80 
75 9 27 78 48 
50 а а а а 
€ 2 100 11 59 84 84 
75 1 53 88 87 
50 а а а а 
B E 100 10 66 94 95 
75 12 ц9 92 95 
50 3 21 94 95 
C 3 100 NO PT NOPT NOPT МОРТ 
75 МОРТ МОРТ МОРТ МОРТ 
Percent 
Improvement + % + % 4 % 3 Ч 
50 5 0 0 10 45 21 91 20 90 
75 % 9 0 2 9 йог 55 16 73 
90 5 0 0 0 0 8 35 22135 


a  FLSIP allowances could not be computed at 
budget constraint specified 


NOPT - an optimal solution could not be obtained using 
the Availability Model 
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БИЗ FEST? svseen is $5signsd to hare а 90% probabilit 


ПОТ гаппіпа out of a specific part during a 90 day 
mission. This part availability goal cannot be converted 
directly to an equipment availability goal; however it is of 
interest to compare how often systems were available at 
least 90% of the time under each model. As shown at the 
bottom of Table ХІІ for average availability, allowances 
developed using the .25 FLSIP model achieved 90% avail- 
ability only 50% of the time while allowances developed 
using the Availability model achieved 90% availability 65% 
ot the time. Bozzernescsant атат Тари су, the .25 FLSIP model 
achieved 90% availability only 20% of the time while allow- 
ances developed using the Availability model achieved 90% 
availability 52% of the time as shown on Table XIII. The 
Availabilizy model shows its greatest advantage over FLSIP 
for cases in which less than 100% funding was available as 
shown in Figure 5.8. 


Average Availability 


Funding Level FLSIP Model AVA Model 


100 % зч 100 % 
75 3 56 5 З За З 
50 %% 16% 68% 


A ls шш A A a ee ee _ ee Arie 


Figure 5.8 Percentage of Times Allowances Achieved 90% 
Average System Availability 
D. INACCURATE INPUT DATA 


One measure of interest when evaluating mathematical 
models is the "robustness" of the models. That is, how well 


do the models work when there are deviations from the 
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Н сте ween which Rhe models are derived. This section 
examines one such robustness issue. The effective 
results cf the three models are compared for tne hypot 
ical case in which the values input for the MTBF parame 
are assumed to be in error. Simulations were run with tha 
100% funded allowances where the usage rate was assumed to 
actually be ‘twice as high (MTBF is half as high) as the 
figures used above to compute the allowances. The results 
of those simulations are shown on Table XVI. 

As before, the effectiveness results are better with the 
Шта о Јаб:1тЕу modei than with the FLSIP model. However, the 
improvement afforded by the Availability model is even 
greater when the MTBF values are lower as shown on Table 
KJLI. In the results summarized in Table XVI, only 17% of 
the scenarios using FLSIP model allowances achieved an 
equipment availability of 90% or better while more than 44% 
of the scenarios using Availability model allowances 
achieved the 90% criteria. The better performance of the 
Availability model in this situation is to be expected since 
it will focus support on those items which are nost critical 
to the operation of the system at *he expense of those 
components which are redundant. Then, since repair parts 
are concentrated in the critical components, failures nore 
frequent than expected will not have as serious effect on 
system availability in contrast to the FLSIP model which 
attempts to cover all the bases. 

Repair parts allowances determined using the 
Availability model often resulted in a smaller range of 
repair parts being carried than under the FLSIP model. This 
was particularly true when a severe budget constraint was 
imposed. For example, the unconstrained „25 FLSIP allow- 
ances and the Availability allowances for System D with Case 
B Part Costs and Case 2 MTBFs are shown in Figure 5.9. Both 
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TABLE XVII 


Inaccurate.MTBF Data: Percent Decrease in Unavailability 


* 


rease in Unavailability 
y Model Instead of FLSIP 
ty 


Average Unavailabili 


Percent 


cent Dec 
Availabilit 


Part 

Cost MTBF 

Var Var Fund 

Case Case $ No Ведип Low Redun Med Redun Hi  Redun 


A 1 100 Same 39 512, 82 
В 1 100 Запе 34 53 82 
С 1 100 МОРТ 65 82 84 
А 2 100 бале 28 83 90 
А 3 109 9 75 94 96 
B 2 100 9 10 87 Ө 
€ 2 100 11 25 32 90 
В 3 100 5 48 95 96 
C 3 100 NOPT NOPT NOPT NOPT 
Instant Availability 
А 1 100 Same 34 21 52 
В 1 100 Запе 39 31 92 
C 1 100 NOPT 71 78 ee 
À 2 100 Same 23 94 97 
A 3 100 1 71 94 98 
B 2 100 2 5 93 E 
e 2 100 ü 47 99 TS 
B 3 100 1 32 2 99 
С 3 100 ЧОРТ ЧОРТ МОРТ НОРТ 
НӨРТ - no шал Solut Fon could be found using the 
Availability formula 
of the above allowances cost exactly $1700.00. phe NLSIP 


allowance resulted in average availability of .9925 while 
the Availability model allowances resulted in average avail- 
ability of .9985; so that slightly better availability was 
achieved with only half tha number of line items stocked by 
the Availability model. This phenomenon is not peculiar to 
this one case. The Availability model calculated fewer line 
items than the FLSIP model for every scenario in which the 
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24 


-in undancy. Te 
also calculated fewer line items than “he FLSIP model for 


system being evaluated had any desi 


ча 
$} 


about one-third of those systems «hich had no buii* in 
redundancy. These results show that separate range and 
depth calculations are not necessarily needed in repair 
parts allowance determination models. The single criteria 
used by the Availability model implicitly excludes many 
items from range consideration by assigning them an allow- 
ance quantity of zero. The Marginal Analysis model reviewed 
in this research does the same thing. 


mn ын = 
| | 
| Part Number | 
| Allowance sodel 1 2 3 4 5 $6 7 9 | 
| РІ ЗІР шээг... 21 DE. wy <4 | 
| Availability тг. 3 + в | 
Ecc em ыл RE cul 


Figure 5.9 System D Allowances 
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VI. SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS 


fee SUMMARY 


The NAVSEA TIGER simulation model was modified in this 
thesis for use in evaluating three allowance determination 
models: the FLSIP model, the Marginal Analysis model, and 
the Availability model. The FLSIP model was originally 
inciuded as part of the TIGER model so that  FLSIP repair 
pert allowances could automatically be computed if desired. 


Subprograms were written for this thesis so that  repai 


H 


= 
parts for the other two models could automatically be 
computed by the TIGER model also. The modifications to the 
TIGER model made by Leather (Ref. 1: p.1] were utilized as 
well as his recommendation for converting BRF data into MTBF 
data for use in the TIGER model. The allowance computations 
and simulations were run on the IBM System 3033 located at 
the Naval Postgraduate School. 

Four sample systems with varying degrees of designed-in 
redundancy were used to evaluate the effectiveness of the 
allowance determination models. Different combinations of 
unit cost and MTBF data were also used *o evaluate the rela- 
tive importance of these data elements іп each of the 
models. And finally, different levels of funding availabil- 
ities were used to evaluate the robustness of each model 
With respect to funding constraints. 

The effectiveness of aach model for every system and 
scenario was obtained at three funding levels. First, the 
effectiveness of each model for each system/scenario combi- 
nation was determined using a budget constraint equal to the 
cost of the allowances determined using an unconstrained .25 
FLSIP model. Then the effectiveness of each model for each 
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Eysten/scenario combination was determined using 75% and 
then 50% cf *he original amount. 

The effectiveness of the allowance determination models 
was measured by the simulated availability of the systems 
being supported. The measures of effectiveness used were: 


Summation of Uptime for 
All Missions Simulated 


Memersage availability = -----——--—--------------------------- 
Summation of Total Mission Calender 
Time for all Missions Simulated 
ме Number of Missions Up at Time (+) 
Instant availability = -----—----------------2------2------- 


Total Number of Missions Simulated 


Be CONCLUSIONS 


The Marginal Analysis model was not found to be signifi- 
cantly more effective than the FLSIP model and was decidedly 
less effective than the Availability model from an overall 
perspective. The Availability model was always at least as 
ЕЕЭСЕСТІУе ас the FLSIP model and it significantly outper- 
formed the FLSIP model where funding constraints precluded 
100% funded FLSIP allowances and where the MTBF were reduced 
ру 505 то simulate a case of inaccurate failure rate data. 

Bo Was observed that changing the PLSIP cut point is not 
an effective method for accommodating budget constraints in 
systems with mostly high failure rate components. The РІЗІ? 
cut point is the dividing line between those low demand 
items which should be protected by an "insurance" allowance 
and those which should not. However, if all or most of the 
parts in а system have high enough demands to qualify for 
Stocking on a demand based criteria, *hen changing the FLSIP 
cut point will not effect the number of these parts carried 
and therefore cannot be used to acccemmodate budge* 


Senstraints. Use of the Availability model is a much more 
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Besective method for accommodating budget constraints in 
hese situations. 

There was no significant difference іп the effectiveness 

SS ысы 

Systems supported by PLSIP determined allowan ces and 
ШЕ... determined allowances when the system was non- 
redundant. Às system redundancy increased, the availability 
improved for both —FLSIP and Availability allowances. 
However, the magnitude of the improvement was significantly 
greater with the Availability allowances. 

Fully funded .25 FLSIP allowances resulted in 90$ system 
availability only 50% of the time even though the repair 
Parts carried should theoretically have been sufficient to 
satisfy 90% of all repair part requests. Availability 
allowances at the same level of funding achieved 90% 
availability 65% of the time. 

Repair part allowances determined using *he Availability 
model often resulted ina smaller range of repair parts 
carried than did the FLSIP model. This was particularly 
true when a severe budget constraint was imposed. Pinally, 
the Availability model incorporates both a range and depth 
рарартіісығу illustrating that separate range and depth 
Criteria are not required in all allowance determination 


mod els. 


BEE RECOMMENDATIONS 


1, Further analysis of the Marginal Analysis model used 
in this research is not justified. Other marginal analysis 
models may be better and could be investigated in the same 
manner because of the ease in obtaining and entering the 
minimal amount of data required for this type of model. 

2. System availability should be used as the measure of 
effectiveness for shipboard allowance determination nodels. 


This would require that a "standari" of effectiveness be 
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и 
Bleche 


llowance 


Шеп ед. Tf the presen* FLSIO syst2n neets the 


Ф 
ја) 


e 
availability goals then no further development of a 
determination systems would be required. On the other hand, 
if the present FPLSIP system does not meet the established 
goals, then further development of an improved allowance 
determination system would be justified. 

B The use of the Availability model for determining 


shipbcard repair part allowances should be further investi- 


gated. The importance of the various variables in the 
Availability model should be clarified. Foz example, is an 
improvement in repai tine more important then an improved 


set of repair part allowances or are actual repair times 
really needed at all? The types of systems where avail- 
ability can be improved th2 most should also be deterained; 
18, systems with mostly high failure rate parts or low 
failure rate parts, systems with many compcnents or only а 
few components, systems with a lo* of designed in redundancy 
Only a little redundancy, etc. The TIGER simulator could 
be used to evaluate these various factors ona detailed 
basis. : 

ц. The TIGER simulator or an improved version of 


ш 


follow-on simulator should be used to evaluate the relative 
importance of the major factors in the shipboard operating 
environment which influence system availability (ie. inaccu- 
BENSSSMTBF reporting, configuration data,  etCc.). The TIGER 
sinulatcr is easy to understand and easy *o use. Once input 
data has been prepared, an allowance computation and simula- 
РОВ of 1000 missions can be run interactively on an IBM 
3033 in two to six seconds of computer time. For example, 
it could be used to evaluate the effect of having bad BRF 
data when computing shipboard allowances using the FLSI? 
procedures *o see how much emphasis should be placed on 
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Setaining better data. ТЕ equinomens availability is rela- 
tively insensitive to inaccurate ВЕР data, then the improve- 
ment of data collection techniques can be ignored. If 
equipmert availability is seriously degraded when  BRF data 
is lower than actual failure rates, then the development of 
improved data collection techniques should be given a high 
Beyority. The TIGER simulator could also be used to eval- 
uate what other factors in the logistics system are most 
pertinent in achieving better equipment availability so that 
emphasis can be placed on developing allowance determination 
models that include those important factors instead of 


factors that are less influential. 
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ВЕР 


ЕБТ P 


ИТ ВГ 


ИТЕ 


NAVSEA 


БОР 


SPCC 


u сс 


Best Replacement Factor 

Fleet Logistics Suppor* Inprovement Program 
Mean Time Between Failure 

Mean Time To Repair 

Naval Sea Systems Command 

Item Population 


Navy Ships Parts Control Center 
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AMENDED TIGER PROGRAM INPUT REQUIREMENTS 

The punched cards or card images discussed іп this 
appendix must be input to utilize the NAVSEA TIGER program 
as amended for this research effort. A complete printout of 
the amended program is provided in Appendix C. 
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Card 


= 


рені mAai lability Model Processi 


The Availability Model Processing Cards control the order in 
which the various parts ina system will be combined to 
compute optimal repair part allowances for the system when 
the Availability Model is being used. Thestırst step in 
preparing this card is to complete a system reliability 


block diagram similar to Figure 3.1. 


| РЕЦИ SE 
| eu | 
| CUT | 
E L| m. | 
| (121 | m | | 
в | | = | | | 
E i — | | 
в | EN гай 
E найд шийлн 
| | |o e | 
тео гі ри И. | 
| p Ll! | 


Figure B.1 Block Diagram Example 


Once ап accurate reliability block diagram has been 
prepared, the system availabilities resulting from combining 
all the individual rarts must be computed. This is done by 
Starting with two parts and progressively combining 
additional parts until all of the parts have been combined. 
To properly prepare the Availability Model Processing Cards, 


the system must be analyzed to determine how the individual 
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components can be combined so that there are never more than 


two sets of parts combinations. For example, the parts in 


the system in Figure B.1 could be combined in the following 


manner: 


Combination 


Next Combination 


Next Combinaticn 


Combination 


Next Combination 


Next Combination 


Nex* Combination 


#1 


#1 


#1 


#2 


$1 


#2 


#1 


(Part 2) and (Part 3) 


Previous Combination #1 and 
(Part 1) 

(Parts 2,3) and (Part 1) 
Previous Combination %1 апа 
(Part 4) 

(Parts 1,2,3) and (Part 4) 


(Part 5) and (Part 6) 


Previous Combination #1 and 
Previous Combination #2 


(Parts 1,2,3,8) and (Parts 5,6) 
(Part 7) and (Part 8) 

Previous Combination 81 and 
Previous Combination +2 


pauses 1:223 1$ 5.6) and 
eee Mone ers ) 
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They  cculd not be combined in the following manner even 
though the parts combinations are appropriate because the 


use of three combinations is not allowed: 


Combination #1 = (Part 2) and (Part 3) 
Next Combination #1 = Previous Combination #1 and 
(Part 1) 
= (Parts 2,3) and (Part 1} 
Next Combination #1 = Previous Combination #1 and 
(Part 4) 
= (Parts 1,2,3) and (Part 4) 


Combination #2 = (Part 5) and (Part 6) 
Combination #3 = (Part 7) and (Part 8) 


Next Combination #2 = Previous Combination #2 and 
Previous Combination #3 


= (Parts 5,6) and (Parts 7,8) 


Bert Combination #1 = Previous Coabination : апа 


4 
Previous Combination £2 


дэс 15:78) and 
Parts 5,5,7,8 


Once an appropriate flow of combinations has been 
determined for a system, the worksheet shown on Figure B.2 
should be prepared. The first spares to be combined will be 
Shown next to combination 101. In addition, whether they 
are to te іп series or parallel must be coded and all the 
parts included in the resulting combination should be 
specified. The next line will show the part number or 
combination nunber for the parts being combined in that 
step, whether they are in series or parallel, and which 
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ia 227771 
Gamb Part or -Pert or  Ѕег (1 Parts | 
$ Combin Combin Par (0 Included | 
РЕКЕ ______ | 

ГО СВ уз о l 

КЕШ R O 
i E шо oe ЕЕ  -_____—___ 

Ри MEN 27272020 2127- ст тээ | 
| тте _-_____ Du | 
| Ни "ЕЛ 12202112 (122 4. 
| mM тосоо 0. | 
| И _______ .______ A ! 
| i Se 742... | 
| Шин СТ 77-22 272722 nn. nn | 

112 ПЕ сее НИЕ: ЕЕЕ S | 
| НТ ат гаа 
| ШО ОЕ е A ee III | 
| Ши нотолж | ИБО ЛЕЩ ЕСЕ стаи | 
| 116 EEE ee, | 
| EM MEME X o uo у т 

ШО ОШО ООЛО ПЕВ ЕСЕ СЕБЕ - | 
| IN A мш uc em ooo | 
| EC MEME == 22......---- | 

ШИШ --=-—____ Senn ___ БЕС ЖАН n 
| О | 
| Ен "ла е aan с | 
| ЕЕЕ ЕСТІ 2 A 00-00 | 

I ши. у 22. | 
ік m ы sj 


Figure B.2 Availability Model Processing Card Worksheet 


Dames end up being included in that combination. [nas 
process is continued until all parts are included in the 
last combination. An example of a worksheet filled in for 
Нэг proper combination of parts іп Figure B.1 discussed 
above is shown in Figure 3.3. 

An individual Availability Processing Card must then be 
prepared for each line on the worksheet (in the format 
provided below). The cards must be input in the same order 
they appear on the worksheet. One additioral card must be 
added at the end of this deck which has zeros in columns 4, 
8 and 12 to signify that all combinations are complete. If 
the Availability model is nct being used, these cards can be 
left in the input data or only the last card with the three 
zeros can be input. 
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Comb Part or раге ог беги Parte, | 
MM nuege | 
102 101 1 1 123 | 
103 102 4 1 12223, | 
B. . p = | 
| 105 103 104 0 ИН О 59 | 
| 106 7 8 1 7,8 | 
| 107 105 106 1 об | 
| a 
Ma Í€—— A € C сысы ысты м а 


Figure B.3 Example of Worksheet 


The format ard content of the individual cards are shown 
below. Note that only the 3 middle columns of Fiaqure B.3 
are entered. An example of the cards prepared from Fiaure 


ШЕ 15 shown in in Figure B.u. 


Variable | 

Columns Format Nane Description 

1-4 I4 Ј Me ESOS EMO SENO parts Or 
coMinations to be combined 
for determining optiaum . 
combination of spáres using 
the JEE algorithms. 

5-8 14 К The second of two parts otr 


combinations to be combined 
FOE GCetSemi ging optimum . 
combination of spares using 
the JEE algoritha. 


9-12 14 SER Indicates whether two = 
being compared on this d 
are in series (set SER ђ 
сна расе ел (set SER = 0). 
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3 
3 


2 
0 
1 
1 
1 
1 
1 
1 
0 


CN 


103 104 
105 106 


Card Columns: 
123456789 
10 1 
102 


—— 


о —--— —--——-----ъ -————_—-Є-—-—————-—————— — — — —-—-—-—-—-—-_—-— ——.—-- то че 9—5 = — 


Cards £or Worksheet in Pigure B.3 
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Figure B.4 





nodel is to be used 
budget data. 
are shown below. 
Figure B.1 


shown in Figure B.5. 


Variable 
Columns Format Name 
1- Y ІЧ МТОТА 
5-8 F4.0 XFLAG 
9- 16 ER D BUDGET 


Card Colunns: 


11111 
12345678901234 
8 0.0 3000. 


O (fio 
O Na 
—} — 
Со 2 
DO 2 


е 


Pigure B.5 


to compute 


The fcrmat and content of the 


repair parts and 


Description 


ч... DN EY ЧО» wee wees SS ee ee TO A «Мә A «м» «аң» «Мо «м» «МƏ» «ә «ƏК» «и 


То гау пре? of pacts in thes 
System (must equal number of 
cost cards entered below). 

If cost cards are not to be 
entered, use 1 in card column 
ц апа inelude 1 cost card 
wach a MTOO cost. 


Used to select type of 
allowance determination 
system as follows: 


И" ОЕ PLSIP 


о for Marginal 
Analysis 


vitet o Y. 
Budget *o be used for 


computations. Max budget 
allowed is $99,999,999.00. 


Availability 


Allowance Model Card Example 
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used to determine which allowance determination 
to Input 
individual cards 
An example of this card for the system in 


for FLSIP processing and a budget of $3,000.00 is 


ame c) ue AA АНА 





Card Type 3. Cost Cards. 

A separate Cost Card must be entered for each part in the 

format srecified below. An example of these cards for the 

system in Figure B.1 is given іп Figure B.6. 

Variable МА ~ 
Columns Format Name Description 
1- 8 Ham Cost Cost of EE E parc. 

Costs must be ifput in the 
same order as equipment type 
numbers on Equipment Type 
cards. Total cards must equal 
NTOTA on Allowance Model 


qu 
processing card. If cost data 
15 not to Бе entered, use one 
сан и: соса со== 05 21.200. 


Card Column 


— = (Л 


12345678901234567 890 
100.00 

100.00 

150.00 

500.00 

2000.00 

50. 00 

300.00 


1000.00 


LD————————— —-— M al ¿a MA A a il: al 


| 


Figure B.6 Cost Card Examples 
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N 
% 
Te" 


Туре 4. ЗЕЕ Data Cari. 


t 
(D 


h 


allowed for each repair part must be input in the format 


total mission time and the maximum number cf spares 


described below. inr зжашнешен о a JEE Data card for “їе 
System in Figure B.1 is shown in Figure B.7 usinq a 90 day 
mission time (90 X 24 = 2160) and a maximum nunber of spares 


equal to nine. 


паз Е ui 
Columns Format Name Description 
1-8 I8 JTIME Total Mission Time. 
9- 12 14 TOTS PR Total number ọf spares for 


which availability is to be 
computed ng the | 

availabilit 208. odel. Max is 9. 
If Availabiii model is not 
to be used, m ert 1 


column 12. 


| 
Card Columns: | 

| 
1 | 
4 


<=) 


1234567890 
2160 


------ 


Figure B.7 JEE Data Card Example 
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Card Type 5. Timeline Iterazzion Card 


The number of timeline iterations to be used and the run 
identification data for the specific run being made аге 
shown on this card. A timeline iteration of one was used 
for all the simulations done for this research. Ada: tional 
information fcr using more than one timeline iteration may 
be fcund in refernce 4, section 2. The format is described 
below. An example of a Timeline Iteration Card for the 


System in Figure B.1 is shown in Figure B.8. 


Variable me. 
Columns Format Name весе резов 
1-4 ТВ JCC Nunber of *imeline iterations 
to be run for the data deck. 
5- 80 19A4 RUNID Alphanumeric run 
паепеелса топ »повва сто. 


| Card Columns: | 


| 

| 1111111111222222222233333333334444444444555 | 
12345678901234567890123456789012345678901234567899 12 | 
ПЕТР КОН В9Е ЭУЗЕЕМ В1 ON 5/20/82 | 


Figure B.8 Timeline [Iteration Card Example 
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шог сг а= 


~ 
-—— 


сага туге 6. 


162) 


ea tistical parameters for the run are entered on this card. 


Tf a predefined fixed number of missions is to be run, set 
PL = 31.0 and ХОРТ NMAX to 
missions. All simulations for this research 
of 1000 
whether a 
that level 


Simulator will 


and the desired number of 


were run with a 
what is desired is to 
certain level of 
the PL and XK 


adequate number of 


fixed number missions. ТЕ 


determine system meets a 


Beliabil’ty, can be specified in 
blocks 


missicns to 


and the run an 


whether the system will meet or fail 
the specified reliability (PL) within the standard 
(ХК) [Ref. 257 |] 


Statistical Parameter Card for use with the system in Figure 


deternine 
to meet 
deviation specified 


4: р. Àn exanple of a 


Bel 2S shown in Figure B.9. 


Variable шаг 

Columns Format Name Description 

1-4 14 NMAX Maximum number 95 missions 
to be run (should be in 
multiples of 50 and must not 
exceed 1000). 

5- 8 ІЧ МОРТ Optimal number of missions 
(not to exceed NMAX). 

9- 12 РЧ.0 РТ, Specification requirement for 
Belilaca tity. 

13-16 F4.0 XK Standard deviation to be used 
асса сипа Lowes control 
патат. A value of 1.28 
corresponds to a 90% lower 
confidence limit. 

20 14 SEED Random number seed. 

21-24 14 NPH Number of phase types - not 


to exceed 0. 
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2 
ц 
: 


1 
0 
10001000 1.01. 282222 


eard Columns: 


Statistical Parameter Card Exanple 


Figure B.9 
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Card Type 7. Phase Type and Duration Cards. 


This card is used to specify the number of phase types and 
how long each is to last. The phases can be used to 
identify different scenarios. For example, for simulating 
shipboard operations: one phase can represent in-port 
periods, another can represent normal steaming operations, 
and a third can represent battle engagement periods. The 
repair option for each part can be different in each phase 
as specified on Card Type 10 and the Duty Cycle Utilization 
of each part can also be different during each phase as 
Specified on Card Type 12. From 1 to 95 phase sequences of 
not more than six phase types can be specified on these 
cards. The format for this card is described below. For 
this research effort, a single phase lasting 90 days (2160 
hours) was used for all simulations. An example of this 
type card is shown in Figure B.10. 


Variable 5 2242 
Columns Format Name Description 
1-2 Р2.0 ХХТ(1) Phase type number for first 
simulation sequence. 
3-10 23.0 XXT(2) Duration of first sequence. 
11-12 Р2.0 XXT(3) Phase type number for second 
Simulation sequence (if any). 
13-20 ES =O XXT(4) Duration of second phase. 
21-22 pos XXT(5) Phase type number for third 
Simulation sequence (if any). 
23-30 ESTO XXT(6) Duration of third sequence. 
21-32 F2.0 XXT(7) Phase +yve number for fourth 
Slmulation sequence (if anv). 
33-40 poo XXT(8) Duration of fourth sequence. 
41 42 O XXT(9) Phase typa number for, fifth 
simulatión sequence (if any). 
43-50 Ё8.0 КАНО)“ Оцшга=:св of fifth sequence. 


Note: If more than 5 phase sequences are neede 
on additional cards using the same field 
than 95 phase sequences are permitted. 


ds, cert=nue 
5. No nore 
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А 
2 


2 
7 


123456789 


Card Columns 
1.2160. 


-— aaa 


Phase Type and Duration Card Example 


Figure B.10 


85 





86 


ЕП Туре 8. / 5 Жэк Blank Card ЗЕЖЕЄ 
Card Iype 9. Printout Option Card 
This card is used to select which printout option is to be 
used. The format is as follows. 
Variable КЕ 
Миш 1212 A 
1-4 14 КОРТ Prrntcout option switch 
= 1 for management summary 
= 2 for engineering summary 
= 3 for complete details 
(used for debugging only) 
z о > шоолсон OT 
" gs Variables Below sing 
"A pe 
EN DPT 5 is used, select from the following output options 
as needed (otherwise leave the fields blank): 
5- 8 I4 KS ( 1) = 1: Input data 
9- 12 ІЧ KS (2) = 1: equipment down at time of 
: mission failure 
13-16 14 KS (3) = 1: down time at end of phase 
17-20 14 KS (4) = 1: abort messages 
21-24 I4 KS (5) = 1: all events 
25-28 14 К5 (6) = 1: ETIAD matrix 
29-32 I4 KS (7) 2 1: not used 
33-36 14 KS (8) з 1: пох used 
37-40 ІЧ KS (9) = 1: not used 
41-44 14 KS (10) = 1: system $ subsystem status 
45-48 14 KS (11) = 1: TIGER/MANNING debugging 
49-5 2 14 KS (12) Е ОЕ ali groups 
53-56 IU 85 (13) - 1: downtime message 





Card Туга 


This card 


phase up to a 


Columns 


1-4 


5-8 
B 12 
13-16 
22-20 
21-24 


is 


ч... ЕР “=> <= 


14 
14 
ІЧ 
14 
14 


8 


to specify 


Of SON 


Variable 
Name 


IFLAG(1) 


TELAG(?) 
IFLAG(3) 
IFLAG(4) 
IFLAG(5) 
IFLAG (6) 


The format 


En 


Des 


= зерале 011101 for each 


is as follows: 


cription 


qp «ғ» AD Me A A A A A A A A AD A A “у 1 “у х" х у" х х х “у" х" х oe ӘӘ 
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4. A. 


pu pe 
Sth Ph эм АН 


oi 





шоа Ty а 


lo 


R Policy Card. 


1 


HUS сага is used to establich repair policy for the 
simulation being run. REPOL determines what percentage of 
repairs will be made at the shipboard level as opposed to 
the intermediate and depot level. Since this research 
evaluates shipboard support only, REPOL was set equal to 1.0 
for all simulations. 


Bart can be allowed to fall for a certain period of time 
befcre its failure causes the systen to be in a down status 
by specifying an allowable downtime in the TAD2 field. For 
this research, all missi cn allowable downtimes were set 


equal to zero. 


Specified MTBFs and MTTRs can be changed for a given 
simulation run by using a value other than 1.0 in *he XM and 
XT fields. 


The format for the card is: 


Variable НЬ... 
Columns Format Name Description 
1-4 24.0 REPOL Decaddtpemaet lon of repairs 
to be performed aboard snip 
3 12 252 TAD? “ission Allowable Downtime 
13-16 24.0 XM а lee peter. Default = 1. 
17-20 24.0 XT ШЕР МЕЛ оо ет: "Default = 1.0 
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Card Type 12. Equipment Tyre Cards 


Equipment type cards are used [Om input the specific 
parameters for each type of equipment (repair part) being 
evaluated. A seperate card must be input for each type of 
equipment. The TIGER simulator can accomodate various 
equipment operating rules and variable duty cycles for each 
piece of equipment (these options were not utilized for this 
research). A detailed discussion of these items can be 
found in Reference 4, chapter 2. The format for these cards 
is provided below. An example of these cards for the system 
in Figure B.1 is shown in Figure B.11. 


Variable | . 
Columns Format Name Description 
1-4 14 TE Squipment type numbers-should 
be assigned sequentially 
о ад at 1, not to exceed 
5220 ЧА4 F1 Equipment type description 
21-28 ES) XMTBB Mean Time 3etween Failure 
29-32 24 .0 ЖАЙЫҚ Mean Tine to Repair/replace 
Non-repairable is indicated 
by 9999. 
55-36 FU .0 U нису esutilrzatoion (non- 
Zero decuwmal fraction. 
37-40 24 .0 Ч Administratiye delay time fron 
tender to ship 
41-44 74.0 Ч Administrative delay time from 
depot to ship. 
45-48 14 TUI Used for variable duty cycles. 


See Reference 4, chapter 2 for 
an explanation. 





umns 


вага Col 


a-—— —Á HERE: 4и HÀ —À — i; T M — M 


MNDDIDDIIOO 
Т) о о е о ө ф е э 
OO Үг” єг" үет үет ҮС” үет үгт 
MNDOOOCOOoOoO 
(Тү о о о о оо оо 
с ОООООООоооо 
NUI e 
NO 
СЧг-оссоососоососо 
NO ә . 00000000 
NNOOOSOOO0OO0O0OOS 
NFOOAWNODDOO 
СОМ PUNO UNA) 
NNW ee "РУС 
NN 


OIM ту ИО (~ 00 
TO 
DIE EA E EA EA EA EA EA 
со 054 A ра ба 02 (а (а 0а 
[- ec ed ent ond en ect unten 
о, 
зе со а О ~ со 
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Exanples of Equipment Type Cards 


Figure B.11 
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Bund Type 13. Variable Duty Cycle (YDC) Card. 


This is an optional card. It is used if variable duty 
cycles are used, See chapter 2 of Reference y for details 


of its use. 


ct 


Repair Card. 


XK 


m 


18.  Variabl 


Mean 


р 


сага Тур 


Lb 








This is an optional card. It is used if variable Mean Times 
tc Repair are used. See chapter 2 of Reference 4 for 


details of its use. 


Mesa Type 15. PEER Blank Card ##8e* 


Im O O Ке == Ж Же mit 
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ct 


Bard Type 16.  Equirnent Cards. 


mm(b cap = 


Each individual piece of equipment (repair part) in 


system being evaluated must be given a unique number 


identify it. These cards identify which equipment type 


the 
to 


each 


specific equipment (repair part) is. There must be one card 


for each equipment type and they must be input sequentially 


by equipment type number in the format specified below. 
this research, the aspects of spares sharing were 
considered because the calculations developed by 
(Ref. 31, are different for scenarios where spares 
shared. To use the Availability model developed for 


For 
not 
JEE 
аге 


this 


research, each equipment number must be assigned its own 


equipment type even if the parameters for two or more 
equipments are identical. 
Variable E^ 
Columns Format Nane Description 
1-4 14 NTYPE The type number associates 
with the equipment listed in 
the next field or fields. 
5-8 I4 100(1) Equipment numbers of thos 
equipment which belong to the 
9-12 I4 LOAD(2) designated equipment type - 
up to 19 equipment per card 
15-16 ІЧ LOAD(3) (if there are more than 1 
equipment associated with a 
12-20 14 1010(4) given type, use additional 
equipment cards and Tepeat the 
SA 14 LOAD(5) same type number). The largest 
eae number allowed by 
23-28 14 LOAD(6) the progras- is 500. The total 
number of equipments mus* not 
E32 ТЦ LOAD(7) ехсез3 500. No gaps are 
allowed between equioment 1 
23-36 Iu LOAD(3) and the largest assigned 
equipment number. 
37-40 n LOA D (9) 
1-44 14 LOAD(1 0) 
45-48 14 LOAD(1 1) 
49-52 14 LOAD(12) 
вно 5 б ІЦ LOAD(1 3) 
57-60 14 1040 (14) 
61-64 ІЦ 040 (1 5) 
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14 
ІЧ 
14 
ІЧ 


LOAD(16) 
LOAD (17) 
LOAD (18) 
LOAD(19) 
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Bed Type 17. “YES Blank Card 29895 
Card Type 18. Spares Model Card. 


This card is used to specify whether spares will be input 


directly or whether spares will be computed using one of the 


allowance determination models. ээ 021015 for this card 
are: 

a) Use the literal "Unlimited Spares" in columns 1 
through 16 to simulate unlimited spares. The program then 


assigns 90,000 spares for each equipment or repair part. 


This cption was not used during this research. 


b) Use a blank card if spares are going to be specified. 
Then input the desired number of spares for each equipment 
Or repair part on the spares cards which follow. (This 
option was used to simulate the use of inaccurate MTBF data 
by computing allowances with one set of MTBF data and then 
specifying those allowances using this option and inputting 
different MTBF parameters for comparison.) If spares nave 
been specified and the effect of using a different level of 
support are needed, this effect can be obtained by inserting 
a spares multiplier (SX) in card columns 21 to 24 of +hís 
сага. The program will then use *һе number of spares 


assigned times the spares multiplier specified. 


C) Use "999." in columns 21 to 24 to use the allowance 
determination model specified on the Allowance Model card 
(Card Type 2). 
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' 


Туре 19. Spares Cards. 


197 


= => 
тт «ғ. 
ов 7 


іс; 


These cards are only used if the allowances for spares are 
going to be specified exactly (columns 1 through 16 of the 
Spares Mcdel card must be empty and columns 21 through 24 
must have something other than .999). One of these cards 
must be input for each equipment type being used. These 
cards must be input im order starting with Equipment Type 1 


in the following format: 


Variable un. 

Columns Format Nane Description 

1-4 ТЦ Т5РАВЕ(1) Number of organizational level 
Spares (on board) for the 
equipment type. 

Ed IS ISPARE(2) Number of spares at the tender 
for the equipment type. 

ЙЕ- 12 І4 ISPARE(3) Number of spares at the base 


(depot) for the equipment type 
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НЫ. 2 77 ART? 1 EL CAE LIA AICA LEA AA ИИ 
NOTE: For each phase *ype, a set of the remaining cards 
(except the optional output and demo decks which 


appear once) must be placed consecutively in the 
data deck. 


TISAI IIS IITA IASI SIO SITET IAAT OTE TESTA dd 


A separate reliability block diagram must be prepared 
for the simulation runs on the TIGER simulator. IT IS 
different than ‘the reliability block diagram previcusly 
discussed tor Availability model processing because it does 
not have to relate only two groups at a time. For the TIGER 
simulator, equipments must be aggregated into systems, 
subsystems, and groups. A system is a set of equipments for 
which availability is being measured. A subsystem is a set 
of equipments which, if the set fails, will cause the system 
to fail. A group is any set of equipments. 

For the reliability block diagram for the TIGER 
Simulator, each parallel subset of equipment and each series 
subset are assigned group numbers. For the example shown in 
Figure 8.1, the groups could be as shown below. Group 
numbers must be between 501 and 1900 and are arbitrarily 
assigned below. 


Group Number Equipments in Group Series/Parallel 
501 2 and 3 Parallel 
502 5 and 6 Series 
203 > апа 8 Series 
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enc: 


( 


) 
b 
is 
E) 
13 
ЛЛ) 
ан 
ЮУ 
(Л 
10 
if 
(9 
th 
1 
40 
11 
гм 
b 


been assigned a group number, the identified groups are then 
aggregated into groups of groups which are in parallel or 
series and these groups are assigned numbers. For the 
equipments in Figure 8.1, the next set of groups could look 
like those shown below. 


Group Number Equipaents in Group Series/Paraliel 
601 1,4, and 501 Series 
701 502 and 601 Parallel 
888 503 and 701 Series 


This process is continued until all the parts in the system 
can be identified in one group (known as a subsystem group). 
The subsystem groups are then combined with any remaining 
equipment which are in series and assigned a ‘final group 
number (known as the system group). For our example, Group 
* 701 would be a subsystem group and the system group would 
be composed of subsystem group # 701 and the series group # 
503. For illustrative purposes, the system group will be 
assigned Group number 888. The method for inputing these 
relationships into the TIGER simulator are discussed under 
Bara types 20 through 23. 
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Example of System, Subsysten, and Group 
Nambering 


Figure 8.12 
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This card 


evaluated. 


Columns 


1-4 


28 


E12 


Но 16 


17-24 


An example 


TS: 


ҮБҮ 


+ 

| 

| 

| 111 
123456789012 

| 

| 

+ 


is used to identify the different systems being 


The format for this card is as follows: 


Variable BA. 
Format Name Description 
АЦ р A alphanumeric (ie. the 
Literal ИУ) T ЕО 
identify the specific system 
14 EL Phase type number (sequential) 
The max value is 6. 
I4 NSS Nunber of subsystens in_ phase 
Carles only from | to 31). 
14 ISS System identification number 
(usually last group number on 
eheseonriguraceion matrix 
cards). 
F8.0 SSTIME System, allowable sustained 


down time (should not be less 
than subsystem TAD1 values). 

Should be less than cr equal 

to TAD2 (repair policy card). 
To inhibit aborts use a value 
ОЕ 109 000. 


of the System Card for the system in Figure B.12 


7 
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Сага Iyps zi.  зарвувієт Са 


This card is used to identify the different subsystems being 


evaluated. 


Columns 


сть «иә > => => 


1-4 


5-8 
15-16 


17-24 


An example 


ПЕЛЕ is: 


551 


de o co а 


Variable 
Format Nan e 
АЦ ID 
14 LL 
14 155 
28 .0 ЗОТЛ 212) 


1 


The forma. for this card is as follows: 


Description 


any alphanumeric (iə. the 
cepa "554 


Phase type number. 


Subsystem identification 
number. This is a group 
number for a group defined on 
а tee Mata, card 
(see below). Each designated 
subsystem group must be a 
group that, upon its failure, 
Causes the system to fail. 


Subsystem allowable sustained 
downtime (TAD1). This value 
should be less than or equal 
[4E on the system card. 
m aborts üse a value 


of the Subsystem Card for the system in Figure 


EP umm «Ер «кр „ы шр A «ир «нэр 22a AA 2 A A ЧЕР ч) A ADA A O A AO A х х х х х “у х х х х х ту “у х т х х" “у х х х" тј х “у х > 
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Card Түр 


—_ > a 


{т 
~ 
ә 
(3 
O 
Р, 
{г 
13 
2 
ES 
r1 
|) 
41 
+ 3 
іо 
is 

£ 
2 
|. + 
rt 
t4 
24 
К] 
№} 

7 

м 
Й 


^ ты d w 


Mies card is used to identify the different groups in the 


systems being evaluated. The format for these cards is as 
follows: 
Variable "nOn 
Columns Format Name DESCELPELOD 
1-4 14 NRO The number of members in the 


Too aetmuened CN this card 
hat are required to be 
ona and in an up 
5 


ate. 
5-8 I4 ТВ (1 The group number assigned to 
C) the group of members ае е3 


on this Card. It may vary 
From 501 to 1000. 


9- 12 14 IB (2) The numbers of the equipment 
and groups which maké up the 


13-16 14 ТВ (3) a defined on this card. 
he max number of members in 
17-20 I4 ІВ (4) a group is unlimited; however, 
if there are more than 7, a 
21-24 14 ТВ (5) continuation card is required, 
Which is of *he same format. 
ШӘ- 28 ІЧ ІВ (6) The number required and master 


5906 number must be identical 
29-32 I4 ІВ (7) О а соп: пцпа5:оп сага». 


88-36 14 ІВ (8) 


An example of the Configuration Matrix Cards used for the 
system in Figure 8.12 is: 


= + > <> <> <> <> <> <> <> <> > <> <> 4 eee <> <> <> <> <> <> ee eee и» чи» «м» «ы» See ан» oe ee “НЬ <> <> <> => ир нэ <> <> om 


Card Column 


eae ccm emm ees ee rn En EEE „аны EEE он + 


> «ui «....-.ын.р “ ......... у" т тј" ју, O “7 х ӘН ЧЕ umb т ју" тј чи» «шә «ш» «нын CAU т тј «м» «қо «ым» Y A «ы» ээ ША» e A өв cm нэ 
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ard Iyps 23. Equipment Operatin: 


b 


Operating rules can be specified which will turn selected 
equipments on and off in predetermined situations. These 
operating rules were not utilized during this research. All 
equipments ran all of the time except when they were 
inoperable. A detailed discussion of the use of this option 
can be found in Reference 4, chapter 3. 


бета туре 24. *%%%% Blank Card *ARES 
Card Type 25. Optional Output Card. 


Optional output tables can te selected by using this card as 


shown below. 


Variable — 

Columns Format Name Description 

1-4 14 SPRS Place any alphanumeric = е. 
ЧОРЫ" In this field if 
table of spares usage is. 
desired. 

5- 8 АЦ АРРІ, Place any alphanumeric (ie. 
МАТЕ) in this field if a 
summary table of equipment 
that caused mission failures 
and system downtimes is 
desired. 

9- 12 АЧ GMMA Place any alphanumeric (ie. 
ива а ве field if the 

anma distribution output is 
esired. 

13-16 44 рЕМО Place any alphanumeric, (ie. 
NDEKO”) ti In ehe field if 
sequent 


= 
а 
131 probability ra* 
ЕЕ plan. бог the system b 
analyzed is desired. If <h 
option is excercised, an 
additisnal card, 26, 15 
required. 


102 





Card Type 26. DE 


HUS card must be included if DEMO is specified on the 
Optional Output Card. A detailed discussion of the DEMO 
Option is provided in Reference 4, chapter 3. The format 


mor this card is as follows: 


Variable НЬ... 
Columns Format Name Description 
1- 4 FU .0 À Producer Risk. 
5-8 F4.0 B Consumer Risk. 
9- 12 FU .0 R Discrimination Ratio: 


The following are optional inputs. 


13-16 F4.0 HAD X-axis accept intercept (Delta 
17-20 FU .0 HRD X-axis reject intercept (Delta 
21-24 ЕЦ.0 YD Trucation line accept (Delta) 

22-28 РЦ.0 510 Slope (Delta) 

29-32 ІЧ Кр Truncation line reject (Delta) 
81-36 ІЦ EISEME Number of sets 

37-40 14 00 TITER Number of simulations per set 

41-44 14 N Random number initializer 


The total input required for the system in Figure  B.12 is 


shown in Figure В.13. 
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The TIGER simulatcr produces both standard and optional 


outputs. The various options are discussed in Appendix B 
under the Printout Option Card. The optional output used 
for this research was the management summary printout. rt 


first displays most of the user's input, the allowance 
determination nodel used “о compute repair part allowances 
(if one was used), and the number of repair parts being 
used. An example of this outpu* is shown in Table XVIII. A 
detailed explanation of the entries on Table ХҮІІІ is 
provided in Reference Y. 

The TIGER simulator then prints a message every time the 
system goes down indicating which components are down and 
when they will come back up. An example of this outpu* is 
shown in Table XIX. A detailed explanation of the entries 
on Table XIX is provided in Reference 4. Since this porti 


О 
d 


of the output was voluminous and not useful for analysi 


{Л 


during this research, it was suppressed. 

The TIGER simulator then prints the cumulative measures 
of effectiveness for the system after each group of 50 
missions has been simulated. An example of this output is 
shown in Table XX. A detailed explanation of the entries on 
Table XX is provided in Reference 4. Since {his portion ог 
the output was voluminous and not useful until all 
Simulations were completed, it was suppressed until the last 
mission simulation was completed. 

The TIGER simulator then produces tables which summarize 
data about specific equipment failures, the number of repair 
parts used, and critical equipments. Аг example of this 
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output is shown in Tabie XXI. A detailed =xplaı 


а 
entries on Table XXI is provided in Reference б. 


TABTE XVIII 


Sample TIGER Model Output 


90 DAY ,25 ЕРСБІР EVALUATION OF SYSTEM Z 
ХОХОСҮХХХХХХХХҮХХҮҮХХ ТТЇЄ  ХХХХХХХХХХХХХХХХХХХ 
X NAVSEC 6112 LUETJEN*MANDEL*VAIL*ALLEY*BROWN xx 
xNPS IBM/360 VERSION LT. У. LEZATHER THESES 9/80xx 
cas AMENDED BY LCDR. P.J. O'BEILLY THZSES 12/81xx 
RANDOM SEED IS 2222 
1000 1000 1.00 1.26 2222 1 
PHASE SEQUENCE TYPE DURATION CUM TIME 
1 1 2160.00 2150.00 
1 0 02070 0 0 0 0 0 0 го үрг 
1.00 0.0 1.00 1200 
TYPE NAME ARE AT TR DE арт] 1072 
1 ITEM А 25720. 0 10.00 1.000 0.0 0.0 
2 ITEM B 1220.09 10.00 1.000 0.0 0.0 
3 ITEM C 3000.0 10.00 1.000 050 01550 
TYPE EQUIPMENT 
1 ПОО 0а 0 0 €0. 0.0 0 0 0 0 0 
2 2 O 0 0 0 0 0 0 0 QO 
В 5 ооо о оо 2 0 0 0 0 0 3 
SPARES WILL BE DETERMINED WITH MARGINAL ANALYSIS 
BUDGET IS 850. 
THE COST OF ITEM 1 IS 200.00 
ШИЕ COST OF ITEM 2 TS 50.00 
mre CCST OF ITER 3 15 100.00 
ALL SPARES HAVE BEEN COMPOTED 
SPARES TYPE SHIP TEN DER BASE FACTOR 
1 2 0 0 999,00 
2 5 0 0 999.00 
3 2 0 0 999,00 
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TABLE XXI 


Summary Tables 


EQUIPMENT FAILURES AND CORRECTIVE MAINTENANCE SUMMARY 
EQUIP NO. TYPE NO. TOTAL EQUIP. AVG NO FAILURES AVG CM MANHOURS 
FAILURES PER MISSION PER MISSION 
1 1 782 22001 312. 800 
2 2 583 1.943 97.167 
1365 4.550 409.267 
AVERAGE NUMBER OF SPARES USED PER MISSION 
SPARES SHIP TENDER BASE USED 
Үрс sTOCK USED STOCK USED 
1 5 2.56 бо 020 о 0.0 
2 4 1.90 0 0.0 0 0.0 
90 DAY .25 FLSIP EVALUATION OF MODEL SYSTEM 
—_ CRITICAL EQUIPMENTS 
UNAVAILABIL ITY AND 
PERCENT OF UNAVAILABILITY 
NAME NOM HRS UNAVA PERCENT EQU TYPE 200 NUM 
ITEM A 86123.3125 0.1329 69.85 1 1 
ITEM B 34262.5977 0.0529 27.79 2 2 
90 DAY .25 PLSIP EVALUATION OF MODEL SYSTEM 
CRITICAL EQUIPMENTS 
UNRELIABILITY AND 
PERCENT OF MISSION FAILURES 
DESCRIPTION NO. U NREL PERCENT EQUIP EQUIP 
PAILURES ҮРЕ 0. 
ІТЕМ А 171.5 0.5716 57.74 1 1 
ITEM B 125.5 0.4183 42.25 2 2 
TOTAL NO. MISSIONS = 300 
TOTAL NC. MISSION FAILURES = 297 
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